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In the April Scientific Corner, we pub- 
lished a revised chart showing the prismatic 
effect of oblique cylinders. The previous 
charts did not take into consideration the 
normal convergence for reading and were, 
therefore, not accurate when used to com- 
pute bifocal lenses. They were only accurate 
for computing the prismatic effects of oblique 
cylinders at a given point along the 90th me- 
ridian, i. e., directly below the optical center. 


The revised chart, as presented in the April 
issue, is calculated for a point 8 millimeters 
below the distance optical center and 2 milli- 
meters toward the nose. The chart is figured 
for this place because it is through this exact 
spot that the eye looks when reading. 


In computing the revised chart, it was nec- 
essary to figure the right and left prismatic 
effects separately and to tabulate them sep- 
arately. If this were not done serious errors 
would occur, witness the fact that in the right 
eye at axis 105, there is no prismatic effect 
whatsoever, while in the left eye at the same 


EXPLANATION OF OBLIQUE CYLINDER CHART 


“IF IT’S A LENS PROBLEM, LET’S LOOK AT IT TOGETHER” 


axis there is 0.11 prism diopters base up and 
0.40 base out for each diopter of cylinder. 


Take for example the prescription: O. U. 
+ 5.00 Cylinder axis 90. According to the 
old chart there is no vertical or horizontal 
prism. Actually there is 0.2 prism diopter 
base out for each diopter of cylinder, or a 
total of 1.00 prism diopter base out in front 
of each eye. The resultant would be 2.00 
prism diopters base out in front of the two 
eyes, which error would need correcting if the 
patient were to see comfortably. 


Or take the prescription: O. U. + 4.00 
cylinder axis 75. The old method shows for 
the right eye 0.2 base up and 0.8 base out, for 
the left eye 0.2 base up and 0.8 base in. The 
corrected chart shows right eye 0.44 base up 
and 1.6 base out and left eye no prism at all. 


We know from experience that the errors 
of previous charts have resulted in some un- 
satisfactory cases. We feel that the corrected 
chart by giving accurate values for the pris- 
matic effects, will eliminate these failures. 
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FRADE ARK 
REG U.S. PAL OFF 


THE UNIVIS COMPLETE MULTIFOCAL SERVICE. 


Cataract : Bilentic Vision D Seg 
Trifocal . Cataract ataract Cataract 


WRITE TO THE UNIVIS LENS CO., 401 LEO STREET, DAYTON 1, OHIO FOR DETAILS ABOUT UNIVIS LENSES AND SERVICE 
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StyleD CV Style RO mm. CV Style B Double Prism 


THE LYLE MAJOR 
AMBLYOSCOPE 


(Standard Model) 


Incorporating the proven features of 
previous Synotype apparatus with the 
suggestions of Mr. Keith Lyle, the 
Lyle Major Amblyoscope is 


The Most Advanced Orthoptic Apparatus Produced 


Specially manufactured to meet the demands of present day technique, the Lyle Major 
Amblyoscope, Standard Model, incorporates the following improved features : 


. Elevation and Depression Device . Hinged Mirrors and Reflectors 10. Concealed wiring 

. Increased range of Duction Control . Noiseless Slide Carriers 11. Separate electrical circuits to each 
optical tube 

Improved hand flashing switches 


13. Provision for automatic moving 
. Transparent breath shicld . Large, easily visible scales Picture attachment 


» Non-slip Duction Locks 8. Supported main roller bearings and 12. 


. Increased Hyperphoria Movement increased mechanical strength 


Specialists in Orthoptic Equipment including : 


MOORFIELD'S SYNOPTOPHORE HESS SCREENS CHEIRO- 
SCOPES « WORTH'S 4 DOT TEST - DIPLOPIA GOGGLES «- ROTA- 
TING E TEST « MADDOX HANDFRAME « MADDOX WING TEST 
BAR READERS. ETC. 


of England 63, WIGMORE STREET. LONDON, W.1 


SOLE AGENTS IN U.S.A. CURRY & PAXTON INC. 101 PARK AVENUE, NEW YORK 17. TEL: LEXINGTON 2-7842 
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maYour Skill Goes Further 


O degree of instrumentation can ever substitute for professional skill and 

judgment. But there can be no doubt that adequate instrumentation makes 
possible more efficient use of that skill. The Bausch & Lomb Hydraulic Chair and 
Unit makes possible a centralized refractive procedure. You gain the advantages 
of uniformly and critically precise refractive measurements, relaxation and co- 
operation of patients, and reduction of fatigue for yourself. You'll get more done 
with less effort, and you'll gain the satisfaction that all of your work measures up 
to a higher standard of excellence. 


BAUSCH 6 LOMB 


OPTICAL COMPANY ROCHESTER 2, N.Y. 
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Top-Grade Technical Performance 


. @ Safeguard for Your Professional Skills and 
Judgment 
{Your prescriptions, conceived from your rich 
fund of scientific knowledge laboriously developed 
through years of study, training and experience, 
oe are at the mercy of the dispensers who inter- 
services that will — pret them. They will be safe in the hands of 
never let you down © % Dow seasoned craftsmen, whose devotion to the 
; exacting standards which your professional rep- 
putation demands, and which our firm has 
consistently maintained throughout its 31 years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. E. DOW, Pres. 
Chicago, Ill. Bloomington, Ill. 


NEW 
TONOMETER STERILIZER 


ALL PLASTIC CONSTRUCTION, HOLDING COMPLETE 


TONOMETER AND ACCESSORIES. 
PRICE $10.00 


ADVANTAGES ARE— 
TONOMETER ALWAYS IN POSITION FOR USE. 


LESS HANDLING OF INSTRUMENT. 


TONOMETER ALWAYS— 


CLEAN DUST FREE 


STERILE 


MFG. BY 


R. O. GULDEN 


4920 N. LAWRENCE ST. PHILADELPHIA 20. PA. 
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“Of utmost 


practical importance 


for prevention and 
treatment 
of eye infections 


“No other sulfonamide now known regardless of 
its nominal killing power . . . compares in efficiency 
with the 30 per cent sodium:sulfacetamide solution 
as actually applied to the eye.””* The solution rarely 
causes irritation and is relatively nontoxic. 


Sensitivity reactions seldom result from its use.* 


One drop every two hours or less frequently depending 
on severity of infection. Available in 15 cc. eye-dropper 
bottles. Also Sodium SuLAMyD® Ophthalmic Ointment 
10% in % oz. tubes. 


Sodium SU LAMYD Ophthalmic Solution 30% 


(Sodium Sulfacetamide-Schering) 
*Kuhn, H.S.: Tr. Am. Acad. Ophth., p. 432, (March-April) 1951. S if 

BLOOMFIELD, 
In Caneda: Schering Corporation, Lid., Montreal, Que. 
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Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 
MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 
Plastic or Glass Selections Sent on Memorandum upon Request 
Implants and Plastic Conformers in Stock 


FRIED ano KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 
i near 53rd St. Tel. ELdorado 5-1970 


3 3 
8 


HARRINGTON 
TONOMETER 


This is an extremely accurate instrument. 


The dial has three scales, the outer being 
the expanded Schiotz scale, 0 to 20, the 
middle and inner scales being direct 
readings in millimeters of mercury for 
the 5.5 and 7.5 gram weights. 


10 and 15 gram weights are included, 
with conversion table. 


Descriptive leaflet sent on request. 


Fully guaranteed 


PARSONS OPTICAL LABORATORIES 


oo Ss 518 Powell Street San Francisco 2, Calif. 
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rostem: A hemoglobin laboratory 
for use at patient’s bedside 


ANSWER: If you dropped steel balls on 
your glasses, they'd shatter in dangefous 
splinters. AO safety-goggle lenses won't 
splinter. Scientists at American Optical 
a heat treatment that makes 
many times as strong, eyes safer. 


ANS WER: Today, a physician need not send blood samples to a laboratory for 
hemoglobin analysis and delay diagnosis. Within 3 minutes, he can read 
the answer in the Hb-Meter. This meter is so fast that a patient’s condition 
can be watched during treatment. Heart of the instrument is an accurately 

lished glass wedge, graded in color, against which the blood sample can 
matched. The Hb-Meter is a creation of American Optical Company. 


prosiem: keep movie film 
from catching fire 


— 


ANSWER: Right, film shielded by ordinary glass catches fire. 
Left, AO heat-absorbing glass prevents fire. This glass, 
developed for floods and projectors, absorbs 90% of heat 
from projected light, passes movie-film color in true values. 
Write to us for any additional information. American 
Optical Company, 97 Vision Park, Southbridge, Mass. 
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SURGICAL INSTRUMENTS CO., INC., 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 
LONDON ESTABLISHED 1875 


Castroviejo 
Improved Needleholder 


This stainless steel needleholder 
has delicate unknurled jaws which 
hold the finest surgical needle, 
thread or hair, and may be used 
as an epilation forceps. The jaws 
are slender and the joints slightly 
rounded to prevent catching su- 
tures while tying. The locking 
mechanism has been greatly im- 
proved making for more efficient 
and smoother performance of the 
instrument. Spring may be dis- 
engaged to facilitate cleaning. 


Price $22.50 


Found fit by thousands of (now) happy 
practitioners — and we'll tell you why. 


The Efficiency Fitting Cabinet is the largest 
in the opthalmic field. It holds 120 zylonite 
or rimless frames yet occupies only 3 square 
feet of floor space. 


The carefully matched woods are hand- 
rubbed to a beautiful satiny dark walnut or 
red mahogany finish. 


It stands alongside the fitting table or exam- 
ination chair for easy accessibility, 


Each frame stands in its own rack. 
It eliminates the usual disorder of samples. 


It shows an impressive display that’s always 
visible to the patient. 


We also have a 6 drawer de-luxe model at 84.50 
Order direct or from your supply house 
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ANOTHER STYLE-FIRST 
BY VICTORY 


HIGH-FASHION FOR THE BUDDING YEARS 


Designed specially for fashion-minded 
teen-agers ... to please and flatter your 
Junior Miss patients. Graceful in line, 
youthful in spirit, “Sweet Sixteen” 
is as exquisite as the name implies. 


Not too casual, not too ornate... yet gay 
and glistening in the excitingly new 
“Pixie” colors. Combinations of pearl zyl 
flecked with either red, blue, green, bronze, 
or yellow and veined with silver lahn. 
A selection to compliment every complexion, 
every shade of hair. 


Meticulously crafted in the 
Victory tradition of 
ophthalmic precision. 


Available Through 
Your Optical Supplier 


AA OPTICAL 
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every 


Their eyes need the extra comfort that a pair of 
scientifically produced prescription sun glasses 
affords. 

Summer or winter, you will extend your patients 
a service when you suggest an extra pair of glasses 
that will give them maximum glare protection 
without affecting true color values. 

Your Benson Optical Supply House is well 
supplied to give you prompt and satisfactory service 
in this important item. 


SINCE 1913 f Conall MAIN OFFICE AND LABORATORY @ MINNEAPOLIS, MINN. 


Branch Laboratories in Principal Cities of Upper Midwest 
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NEW 5-mg. Lablets of Cor, C 


For accurate adjustment of 


Maintenance Dosage and 


FOLLOWING BILATERAL 
ADRENALECTOMY 


for therapy in conditions 


responding to Low Dosage 


Advantages of 5-mg. Tablets 


FLEXIBILITY— 


Used alone or in conjunction with the 
25-mg. tablets, the new 5-mg. tablets afford 
greater flexibility in adjusting dosage to 
the individual patient's requirements. 
Fluctuations in the natural course of rheu- 
matoid arthritis may be better controlled. 


ACCURACY— 


Permit more accurate establishment of 
minimum maintenance doses, thus con- 
trolling symptoms more closely and further 
minimizing the incidence of undesirable 
physiologic effects. 


ECONOMY— 


Prevent waste of CORTONE by more exact 
correlation between requirement and dosage. 


Literature on Request 


Cortone’ 


ACETATE 
(CORTISONE ACETATE, Merck ) 


*CorTone is the registered trade-mark of 
Merck & Co., Inc. for its brand of cortisone. 
This substance was first made available to 
the world by Merck research and production 


MERCK &€ CO., Inc. 
Manufacturing Chemists 

NEW JERSEY 

In Canada: MERCK & CO. Limited—-Montreal 
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It Takes a Family of Fine Lenses 
to Fit the DIFFERENT Needs of a Family 


That’s no problem for you when you use 
CONTINENTAL’S COMPLETE 
COVERAGE LENS SERVICE 


You can Fit the Whole Family 
simply and easily. There are qual- 
ity lenses to satisfy every age, 


every need. 


Ask your independent laboratory 
to give you Complete Coverage 
Service. You'll like its conven- 
ience. You'll like its uniform qual- 
ity. Save professional time you can 
spend more profitably. Enjoy the 
security of knowing your prescrip- 
tions will give your patients ex- 


actly the lenses they need. 


CONTINENTAL INDIANAPOLIS 
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_storz 


Eye Instrument 
Cases 


SMALL—for single sets 
LARGE—for 


Complete Instrumentarium 


STORZ Sterilizing 
Box, Pans and Racks 
for Eye Instruments 


90 Small book-size 9144” x 7” x 2%". Large enough to carry instruments 
for any operation. With Stainless Steel sterilizing rack for 6 knives 
and two felt covered trays for scissors, forceps, etc. Space to hold 
5 individually boxed knives. A long deep compartment to hold eye 
speculum, needle holder, etc. Durable black leatherette. $22.50 


92 Large case to hold all types of eye 
instruments, 13” x 9” x 44%”. Seven 
compartments. Every inch utilized. 
Royalite Plastic with Corbin Lock. 
Two removable 12-knife Stainless 
Steel trays for sterilizing. One non- 
removable 24-instrument rack below 
trays. Space for 18 boxed knives. 
One large compartment with 3 remov- 
able trays—each with loops. 

Two compartments for miscellaneous 
items. Case without sterilizing trays 
$43.50 

Stainless Steel sterilizing trays 
each $7.00 

94-5 Pan and Tray, sterilizing, with 

cover, for 6 or 12 knives. 
Stainless Steel. $11.60 and $12.10 


98-B Sterilizing Box for Eye Instru- 
ments: contains 2 removable 
trays. The upper tray has re- 
taining clips for 8 forceps of 
various styles and lengths. The 
lower tray is fitted for scissors 
and for imstruments with indi- 
vidual handles such as hooks, 
ete. 

There is a compartment for 

2 ce syringes with additional 
space for needle holder, eye 
speculum, ete. Lid can be fitted 
for 2 holders for either cata- 
ract knife or keratome. En- 
tirely Stainless Steel $21.50 


CATALOG i i 
_— sent upon request! 98-B 


Shor Instrument Company 4570 Audubon Ave. 10, Me. 
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THE | BRAWNER G-L 
A Mederw IJuclusion Implant 


Designed to: 


© Simplify the operation — Eliminate muscle isolation 
®@ Furnish satisfactory prosthesis motility 
® Have no exposed face — Full inclusion 
® Minimize the possibility of extrusion 
® Reduce patient’s post-operative discomfort 
© Shorten post-operative hospital time 


# information, including description, 


prices and operative technique, as sug- 

gested by Dr. Brawner, will be sent on r ; ° 7 

| Laboratory 


737 East Main Street 


. Richmond 19, Virginia 


\alural Combinations Weddings 


Any wedding day is a happy day—but it seems to 
partake of special significance when it’s paired with 


a June date. The same is true of Shuron 


Widesite lenses and Browline frames. 


Together they make the perfect ophthalmic pair— 
for complete, assured patient satisfaction. Specify 
them both—be sure with Shuron! 


Your Independent Distributor will 
supply you with Shuron Browline 
frames, with zyl or metal bridges, and 
Widesite Lenses in white or Tonetex 


A 


SHURON OPTICAL COMPANY, INC, 
GENEVA, N. Y., Established 1864 
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N OW MORE ACCURATE VISUAL DIAGNOSIS 
IN THE EYE, EAR, NOSE ano THROAT 
WITH THE NEW, IMPROVED 


A.C.M.I. 
DIAGNOSTIC SETS 


American Cystoscope Makers offers the medical profession 
the finest line of Diagnostic Sets in its entire history. These 
new sets incorporate the outstandingly important feature 
—exclusive with the ACMI ophthalmoscope — of a coated 
lens system, greatly increasing the amount of light trans- 
mitted, improving definition and clarity of the image, and 
eliminating halo, flare and ghost images. 


Standard Set, Catalog No. 1106 


STANDARD SET comprises ophthalmoscope head (with 
built-in color filter and aperture changer), otoscope head 
with 3 specula, medium battery handle and one spare 
lamp, in plush-lined case, with space for additional specula 
and tongue depressor. 


COMPACT SET, for the practicing physician, includes 
ophthalmoscope head (with built-in color filter and aper- 
ture changer), otoscope head, 5 ear and 1 nasal specula, 
small battery handle and extra lamp. Additional space for 
tongue depressor and more specula. 


Compact Set, Catalog No. 1107 ; 


LARGE SET contains otoscope head, 5 ear and 1 nasal 
specula, ophthalmoscope head (with built-in color filter 
and aperture changer), large battery handle, 1 extra 
lamp, with provision in case for tongue depressor head, 
additional specula and lamp replacement. 


PROFESSIONAL SET. This, the most complete Wappler 
set, incorporates an otoscope head with 5 ear and 1 nasal 
specula, tongue depressor head, ophthalmoscope head 
(with built-in color filter and aperture changer), large bat- 
tery handle, extra lamp, and rubber bulb for insufflation. 


AMERICAN CYSTOSCOPE MAKERS, INC. 


Frederick J. Wallace, President 
1241 LAFAYETTE AVENUE + NEW YORK 59, N. Y. 


Professional Set, Catalog No. 1111 
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OPHTHALMIC 


Indicated in a wide range of external ocular 
infections involving diverse structures 

and tissues of the eye, Terramycin Ophthalmic 
preparations are effective and valuable 

either as the sole medication or as 

an adjunct to oral Terramycin therapy. 

It is only in the rare case that the use of 
Terramycin Ophthalmic Ointment or Solution 
is attended by sensitizing reactions. 


Supplied: TERRAMYCIN HYDROCHLORIDE 
OpuTHALMIC OINTMENT, 5 mg. per Gm. ointment; 
tubes of oz. 


CryYsTALLINE TERRAMYCIN HYDROCHLORIDE 
OpuTHALMIC SOLUTION, 5 cc. vials containing 

25 mg. for preparation of topical solutions 

isotonic with lacrimal fluid and buffered to pH 8.2. 


Terramycin is also available as Capsules, 
Elixir, Oral Drops, and Intravenous. 


ANTIBIOTIC DIVISION CHAS. PFIZER ®& CO., INC., Brooklyn 6, N.Y. 
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NARROW-ANGLE GLAUCOMA 


PAUL A. CHANDLER, M.D. 
BOSTON 


AM GREATLY honored in being given the opportunity of presenting the 

Schoenberg Memorial Lecture. Glaucoma was one of Dr. Schoenberg's chief 
interests throughout his career in ophthalmology. He made many contributions to 
the subject and was one of the pioneers in the public-health aspect of the prevention 
of blindness from glaucoma. 

The classification of primary glaucoma generally accepted until recent times is 
that of (1) acute glaucoma, congestive or noncongestive (compensated or uncom- 
pensated) ; (2) chronic congestive glaucoma (uncompensated), and (3) chronic 
simple glaucoma (compensated ). 

Even today this classification is widely used and is still championed by as eminent 
a writer as Duke-Elder.!. This classification does not take into account possible 
differences in the cause of the increased intraocular pressure in the various forms 
of primary glaucoma. In 1923 Raeder* suggested a classification based on the 
depth of the anterior chamber. Barkan,* in 1938, presented a classification based on 
the state of the angle of the anterior chamber as observed with the gonioscope. He 
stated that in eyes with a shallow anterior chamber and narrow angle the increased 
tension was usually due to angle block by contact between the periphery of the iris 


and the trabeculum. If unrelieved, this contact was believed to result in permanent 
adhesions. In glaucomatous eyes with normal anterior chamber he found the angle 
open and postulated that the obstruction to outflow was in the trabeculum. This 


classification, based on gonioscopic observations and clinical experience, marked a 
great step forward in the understanding of glaucoma. Sugar,‘ in 1949, presented a 
complete classification of the glaucomas, including secondary glaucoma, and, like 
Barkan, emphasized the significance of varying types of obstruction at the angle of 
the anterior chamber. In the symposium on glaucoma at the American Academy of 


The Mark J. Schoenberg Memorial Lecture, given before the New York Society of Clinical 
Ophthalmology, Dec. 3, 1951. 

1. Duke-Elder, W. S.: The Dependence of Surgery on Physiology, Am. J. Ophth. 33:11, 
1950. 

2. Raeder, J. G.: I. Untersuchungen tiber die Lage und Dicke der Linse in menschlichen 
Auge bei physiologischen und pathologischen Zustanden, nach einer neuen Methode gemessen: 
II. Die Lage der Linse bei glaukomatésen Zustanden, von Graefes Arch. Ophth. 112:1,29, 1923, 

3. Barkan, O.: Glaucoma: Classification, Causes, and Surgical Control, Am. J. Ophth. 
21:1099, 1938. 

4. Sugar, H. S.: Newer Conceptions in the Classification of the Glaucomas, Am. J. Ophth. 
32:425, 1949. 
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Ophthalmology and Otolaryngology in 1949,° the division of primary glaucoma into 
the wide-angle and narrow-angle types was advocated. 

The terms “noncongestive” or “congestive,” and “compensated” or “uncompen- 
sated” add little to an understanding of the pathogenesis of glaucoma. As Sugar ® 
has pointed out, congestion is rarely present in the early stages of acute glaucoma. 
The external appearance of congestion usually follows, rather than precedes, an 
acute rise in tension; indeed, some eyes show little appearance of congestion even 
after prolonged high tension. Congestion may be seen in all forms of glaucoma in 
the terminal stage, though more commonly in the narrow-angle type. Irrespective 
of the type and stage of glaucoma, congestion apparently has to do chiefly with the 
individual response of certain eyes to the result of increased tension. <A similar 
variation in individual response is observed in ocular trauma of any type. Primary 
narrow-angle (angle-closure) glaucoma is a type of glaucoma in which obstruction 
to outflow from the anterior chamber is due solely to block of the angle by contact 
between the periphery of the iris and the trabeculum. The closure of the angle may 
be temporary and reversible, or permanent, due to peripheral anterior synechias. 
In narrow-angle glaucoma, whenever the angle is fully open, tension is normal. 


The filtration apparatus is normal. In wide-angle glaucoma, since the angle is 


always fully open, aqueous has free access to the angle, and the obstruction to out- 
flow is due to a primary abnormality of the filtration apparatus. Undoubtedly, 
mixed forms occur in which the narrow-angle mechanism (closure of the angle) 
may be superimposed on a type with a defective filtration apparatus. It has recently 
become evident that in all the glaucomas increased pressure is due solely to obstruc- 
; tion to outflow from the anterior chamber, since in his tonographic measurements 
Grant * has thus far not found a single case of hypersecretion of aqueous. 


Since Barkan’s observations, the validity of a classification of primary glaucoma 
based on the conditions in the chamber angle has been supported by an imposing 
mass of evidence obtained by gonioscopy. In narrow-angle glaucoma during a phase 
of normal tension, either spontaneous or due to the influence of miotics, the angle as 
observed with the gonioscope is completely or almost completely open,® whereas 
during a phase of increased tension the angle is closed wholly or in part by contact 
between the periphery of the iris and the trabeculum.® A miotic, when it lowers 
the tension, does so by freeing the angle. Figure 1 is a drawing of the chamber 
angle. On the left, the angle is seen to be closed during a phase of elevated tension. 


5. Friedenwald, J. S.: Symposium on Primary Glaucoma: I. Terminology, Pathology, 
and Physiological Mechanisms, Tr. Am. Acad. Ophth. 53:169, 1949. 

6. Sugar, H. S.: The Mechanical Factors in the Etiology of Acute Glaucoma, Am. J. 
Ophth. 24:851, 1941. 

7. Grant, W. M.: Clinical Measurements of Aqueous Outflow, A. M. A. Arch. Ophth. 
46:113, 1951. 

8. (a) Kronfeld, P. C.: Gonioscopic Correlates of Responsiveness to Miotics, Arch. Ophth. 
32:447, 1944. (b) Bangerter, A., and Goldman, H.: Kammerwinkelstudien beim primaren 
Glaukom: Operationswahl nach der Winkelbefund, Ophthalmologica 111:321, 1941. 

9. Sugar.* Troncoso, M. U.: Closure of the Angle of the Anterior Chamber in Glaucoma, 
Arch. Ophth. 14:447, 1935. Sugar, H. S.: Concerning the Chamber Angle: Gonioscopy, Am. 
J. Ophth,. 23:853, 1940. Bangerter and Goldman.8> 
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On the right, the angle is seen to be open when the tension had been lowered with 
miotics. 

An abundant clinical experience likewise supports the concept that there are two 
fundamentally different mechanisms in primary glaucoma. Since early times it has 
been a universal clinical experience that in eyes with a normal anterior chamber 
iridectomy does not significantly reduce the tension unless a filtering scar develops. 
In acute narrow-angle glaucoma every ophthalmologist can attest to the curative 
effect of iridectomy if done early in the attack. In such eyes, with a permanent 
relief of tension without evidence of external filtration, gonioscopic examination 
reveals an angle at least partly open. In late cases permanent peripheral anterior 
synechias have formed, and the degree of control of tension by the operation depends 
on the proportion of the angle remaining free of peripheral anterior synechias. 

In early narrow-angle glaucoma an external filtering operation, such as iriden- 
cleisis or trephining, may succeed in permanently maintaining a normal tension, even 
though there is no evidence of filtration whatever. The mechanism of this will be 
discussed subsequently. 


Fig. 1.—On the left, the angle is completely closed. Tension is 70 mm. (Schigtz). On the 
right, the angle is open. Tension is normal after miotic treatment. From Bangerter and 
Goldmann.*» 


In wide-angle glaucoma, on the other hand, the pressure-lowering effect of a 
filtering operation is usually directly proportional to the external evidences of a 
filtering scar. If there is no evidence of a filtering scar, the tension usually remains 
elevated. 

The final proof of the fundamental difference in the mechanism of wide- and 
narrow-angle glaucoma has been furnished by the tonographic studies of Grant.’ 
In his clinical measurement of aqueous outflow, he found obstruction to outflow 
from the anterior chamber in cases of untreated wide-angle glaucoma at all stages 
of the disease, whether the tension was normal or elevated. In cases of primary 
wide-angle glaucoma in which the diagnosis could be established by the usual clinical 
methods in one eye, he found obstruction to flow also in the fellow eye, which as yet 
showed no clinical evidence of the disease. In narrow-angle glaucoma, on the other 
hand, during a phase of elevated tension, when the angle was closed, as observed 
gonioscopically, there was obstruction to outflow proportionate to the height of the 
tension and the degree of closure of the angle. During a phase of low tension which 
came about spontaneously or under the influence of drugs, the rate of outflow 


returned to normal. In the fellow, clinically normal eye, of such patients the outflow 
was invariably normal. 
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ETIOLOGIC FACTORS IN NARROW-ANGLE GLAUCOMA 


What are the factors that bring about a shallow anterior chamber and a narrow 
angle? As first pointed out by Priestley Smith,'® probably the principal factor is 
the size of the lens, particularly the relation of the size of the lens to the anterior 
segment of the globe. In eyes with small corneas the anterior chamber is almost 
invariably shallow. In such an eye a normal-size lens is too large for the anterior 
segment. In eyes with a cornea of normal diameter and a very shallow anterior 
chamber, the lens, when removed, is usually noted to be unusually large, and one 
prepares for this by making a particularly large section. It is well known that 
in hyperopia the tendency is toward a shallow anterior chamber, due at least in 
part to the fact that the attachment of the iris to the ciliary body is more anterior 
than in myopic eyes. Given a shallow anterior chamber and a narrow angle, what 
factors bring about contact between the periphery of the iris and the cornea, thus 
closing the angle and bringing about glaucoma? 

1. Dilation of the Pupil—Dilation of the pupil has long been known to precipi- 
tate acute glaucoma in eyes with a shallow anterior chamber."' Gronholm,’* in 
1910, had the opportunity of studying such a case. He demonstrated in his case 
on repeated occasions that exposure to darkness caused a rise in tension and 
exposure to light caused a fall in tension. Prolonged reading by good illumina- 
tion caused a fall in tension, but he concluded that this came about chiefly by 
virtue of the added miosis. He was also able to cause the tension to rise and fall 
at will by the use of mydriatic and miotic drugs. Seidel,’* in 1922, stated that in 
eyes with a shallow anterior chamber obstruction to outflow was due to closure 
of the angle by the periphery of the iris. He believed that use of mydriatrics or 
dilation of the pupil by keeping the eye in darkness raised the tension by crowding 
the iris into the angle, whereas miotics or exposure of the eye to light lowered the 
tension by pulling the iris out of the angle. Serr,’* in 1925, had the opportunity 
of studying three cases of acute glaucoma with narrow angles. On several occa- 
sions an acute attack of glaucoma was brought on by keeping the patient in the 
dark, and the tension was lowered on exposure to light. The same effect was pro- 
duced with drugs. For each eye he found a critical degree of dilation of the pupil 
which brought on a rise in tension. Sugar * produced an acute attack of glaucoma 
in several predisposed eyes by dilation of the pupil with various mydriatics. 

Many other cases of “dilatation glaucoma” have been reported, and most prac- 
ticing ophthalmologists can recall instances of a rise in tension brought on by 
mydriasis. 


10. Smith, P.: On the Shallow Anterior Chamber of Primary Glaucoma, Ophth. Rev. 
6:191, 1887. 


11. Laqueur, L.: Uber Atropin und Physostigmin und ihre Wirkung auf den intraocularen 
Druck, von Graefes Arch. Ophth. 23:149, 1877. Derby, H.: Two Cases in Which the Instil- 
lation of Atropine Was Directly Followed by an Outbreak of Acute Glaucoma, Tr. Am. Ophth. 
Soc., 1867, p. 35. 

12. Groénholm, V.: Untersuchungen iiber den Einfluss der Pupillenweite, der Accommodation 
und der Convergenz auf die Tension, glaucomatéser und normaler Augen, Arch. Augenh. 
67: 136, 1910. 

13. Seidel, E.: Zur Pharmakologie des Auges, Deutsche ophth. Gesellsch. 43:48, 1922. 


14. Serr, H.: Zur Mechanik der Augendruckswankungen beim primaren Glaukom, Deutsche 
ophth. Gesellsch. 45:22, 1925. 
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2. Accommodative Effort—Sugar* has observed gonioscopically a narrowing 
of the angle in prepresbyopic subjects during accommodation and suggests that 
this may be the precipitating factor in some cases of acute glaucoma. In seven of 
his patients the acute attack was preceded by a considerable accommodative effort. 
Six of the seven patients were of prepresbyopic age. It is unlikely, however, that 
accommodative effort is a common mechanism in provoking acute glaucoma, since 
most patients with narrow-angle glaucoma are of presbyopic age; and Sugar 
observed no narrowing of the angle in presbyopic subjects during attempted 
accommodation. 

Congestion of the Uveal Tract-—Congestion of the ciliary body, especially of 
the ciliary processes, has been thought to cause a pushing forward of the root of the 
iris and blocking of the angle. Friedenwald'* reported on the pathologic exam- 
ination of several eyes removed after an attack of acute glaucoma. He invariably 
noted edema of the ciliary body and processes and concluded that this edema was 
the precipitating factor in the acute attack. In an attempt to support this view, 
he injected histamine into the posterior chamber of a dog’s eye. This brought 
about intense congestion of the globe and an acute rise in tension. 


The eyes examined by Friedenwald were removed from two days to several 
months after the attack of acute glaucoma. Nearly all eyes that have been removed 
after an attack of acute glaucoma have been removed some time after the onset of 
the attack—several days or weeks. At this late date after the onset of the attack, 
congestion of the uveal tract is always a prominent feature, but perhaps does not 
give a true picture of the situation at the onset of the attack. Elschnig,'* from 


pathological examination of eyes with very recent acute glaucoma, concluded : 


Never as long as there are no severe cyclitic inflammatory changes do the ciliary processes press 
against the posterior surface of the iris. On the contrary, the posterior chamber is enlarged by a 
sac-like space between the anterior ciliary processes and the iris; that is, a new extension of the 
posterior chamber is formed by the iris extending forward over the pectinate ligament. 

In 91% of Sugar’s cases of “dilatation glaucoma” there was no external evi- 
dence of congestion of the uveal tract at the onset of the attack. In nine eyes he 
believed that congestion of the uveal tract, brought on by weeping, coryza, or 
operations about the head, might have been the precipitating factor in the attack. 
Judging from the external evidences of congestion, one may conclude, therefore, 
that congestion of the uveal tract was not an important factor in producing an 
acute rise of tension. Actually, external evidences of congestion apparently follow, 
rather than precede, the rise in tension. One, however, cannot rule out the possi- 
bility of a sudden engorgement of the uveal vessels bringing about a rise in ocular 
tension. Grant,’ during the course of tonography, while the tension was being 
recorded on a moving paper strip, observed an acute rise in tension coincident with 
flushing of the patient’s face. The tension rose 4 mm. in 50 seconds. At the end 
of two minutes the tension dropped to its original level, as the flushing of the face 
subsided. He calculated that the equivalent volume increase during the rising 


15. Friedenwald, J. S.: Pathogenesis of Acute Glaucoma, Arch. Ophth. 3:560; 574, 1930. 
16. Elschnig, A.: Anatomische Untersuchung zweier Falle von acute Glaucom, Arch. Augenh. 


$3:187, 1896; Uber Glaukom, von Graefes Arch. Ophth. 120:194, 1928. 
17. Grant, W. M.: Personal communication. 
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phase of 50 seconds was 9.6 cu. mm. Such a transient volume increase in this short 
period could be accounted for only by a temporary increase in the volume of blood 
within the globe. It would seem reasonable to assume that if such an increased 
blood volume in the posterior uveal tract were sufficient, it might lead to a push- 
ing forward of the periphery of the iris as aqueous was being evacuated through 
the angle, until the angle was closed and glaucoma ensued. 

Relative Pupillary Block.—Since aqueous humor is formed by the ciliary body 
and passes between the iris and the lens, then through the pupil, to escape at the 
angle of the anterior chamber, it must be presupposed that even in normal eyes 
a slight increase in pressure in the posterior chamber over that in the anterior 
chamber must exist in order for such a flow of fluid to take place. In the normal 
eye, with an anterior chamber of normal depth, the iris is in contact with the lens 
only in a narrow zone around the pupillary border. In an eye with a shallow 
anterior chamber the iris is molded over the surface of the lens for a considerable 
distance from the pupillary border. The musculature of the iris is exerting a 
backward pressure, so that a shallow anterior chamber results in a condition some- 
what analogous to iris bombé. A, B, and C of Figure 2 are diagrammatic sketches 
illustrating the mechanism of physiologic pupillary block. In the diagram at the 
leit in Figure 2A, that of an eye with a normal anterior chamber, there is a small 
area of contact between the iris and the lens. The diagram at the right in 4 
shows the larger area of contact between the iris and the lens in an eye with a 
shallow anterior chamber. Figure 2B illustrates the bulging forward of the iris 
periphery as fluid accumulates behind the iris. Figure 2C shows the normal con- 
tour of the iris and the open angle after peripheral iridectomy. It is reasonable 
to assume, therefore, that in such eyes a greater than normal difference in pressure 
between the posterior and the anterior chamber must exist for aqueous to pass 
between the iris and the lens, and hence through the pupillary opening. Since the 
iris is a thin membrane without appreciable support except where it rests against 
the anterior surface of the lens, it is not difficult to conceive of a slight increase 
in pressure in the posterior chamber over that in the anterior chamber causing a 
forward bulging of the iris at the periphery, where the iris constitutes a diaphragm 
freely suspended between the chambers. This concept was advanced by Curran ** 
in 1920 and by Banziger '* in 1922. There is as yet little experimental evidence 
to support this assumption, but numerous clinical observations offer strong sup- 
port. Friedenwald,’* in the experiment previously referred to, produced an acute 
rise in tension with intense congestion of the uveal tract of a dog’s eye by injecting 
histamine into the posterior chamber. With atropine mydriasis this rise in tension 
was of very short duration. When the pupil was previously constricted with a 
miotic, the rise in tension was much more prolonged. Friedenwald actually 
observed a bombé form of the iris at one stage and noted that the iris returned to 
its normal contour after a gush of fluid through the pupil into the anterior cham- 
ber. It should be noted that in a dog’s eye the anterior chamber is characteristi- 


18. Curran, E. J.: New Operation for Glaucoma Involving a New Principle in the Etiology 
and Treatment of Chronic Primary Glaucoma, Arch. Ophth. 49:131, 1920. 

19. Banziger, T.: Die Mechanik des acuten Glaukom und die Deutung der Iridektomie- 
Wirkung bei demselben, Deutsche ophth. Gesellsch. 43:43, 1922. 
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Fig. 2.—(A) On the left is pictured the small area of contact between iris and lens in an eye 
with a normal anterior chamber. On the right, in an eye with a shallow anterior chamber, the 
area of contact between iris and lens is much greater. The angle, though narrow, is open. (B) 
On the left is pictured the enlargement of the posterior chamber with beginning closure of the 
angle as the iris is pushed forward. On the right, the posterior chamber is still further 
enlarged, and the iris is in contact with the cornea over a still larger area. (C) The iris 
has dropped back and the angle is open after free communication between the posterior and the 
anterior chamber has been established by a peripheral opening in the iris. From Banziger.?® 
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cally shallow. Elschnig,’* in his examination of eyes removed after an attack of 
acute glaucoma, noted the enlargement of the posterior chamber and concluded 
that “peripheral anterior synechias can come about only by means of a pressure 
ditference between the posterior and the anterior chamber, an explanation which 
explains completely the acute onset of incompensation, the acute attack, and its 
manifestations.” 

Urbanek *° reported the case of a child with congenital aplasia of an area of the 
iris, where only the pigment epithelium remained. With the pupil in middilation, 
the thin area was in the plane of the rest of the iris; but when the pupil was 
dilated, the aplastic portion of the iris was concave forward. With physostigmine 
miosis it was convex forward. The miosis increased the area of contact between 
the iris and the lens and evidently increased the resistance to flow from the pos- 
terior to the anterior chamber. 

Ulbrich ** observed a patient with a defect in the stroma of the iris in the 
periphery, which was covered with a thin membrane. Under ordinary circum- 
stances the membrane always bulged forward, and this was especially prominent 
with physostigmine miosis. 


Heine ** observed a patient with congenital aplasia of the iris. The iris was 
especially thin in the midportion. Under normal circumstances the iris bulged 
forward in typical bombé form, though there was no posterior synechia. This 
bombé form disappeared with cocaine mydriasis but reappeared very quickly if 
physostigmine was then instilled. The observations in these three cases are con- 
sistent with the assumption that there is normally a greater pressure in the pos- 
terior chamber than in the anterior chamber, which can only be due to a resistance 
: to flow from the posterior to the anterior chamber. With mydriasis the resistance 

to flow is diminished or abolished entirely, since under this condition the area of 
contact between iris and lens is markedly diminished. With miosis the resistance 
to flow is increased, since the area of contact between iris and lens is increased. 


If the relative pupillary block is decreased by dilation of the pupil, how then 
can such dilation precipitate an attack of acute glaucoma in predisposed eyes? The 
critical degree of dilation which seems to bring on an attack of acute glaucoma in 
a predisposed eye is 3.5 to6 mm. This degree of dilation is not sufficient entirely 
to abolish resistance to flow from posterior to anterior chamber but allows enough 
relaxation of the iris that the increased pressure in the posterior chamber may push 
the iris forward sufficiently to block the angle. When the pupil is fully dilated— 
to 8 mm. or more 


there can be little or no resistance to flow from the posterior 
to the anterior chamber. How, then, can such wide dilation of the pupil bring on 
acute glaucoma? One can postulate that during the course of gradual dilation 
the iris bulges forward to an extent sufficient to close the angle and that it remains 
closed even after the pupil reaches full dilation and the relative block is relieved. 
In some cases, however, full dilation of the pupil apparently brings about spon- 


20. Urbanek, J.: Ein klinischer Beitrag zur Kenntnis der intraocularen Druckwankungen, 
Verhandl. ausserord. Tag. ophth. Gesellsch. 8:133, 1922. 

21. Ulbrich, H.: Klinische Beobachtungen tiber die Druckverhaltnisse in der vorderen und 
hinteren Augenkammer, Arch. Augenh. 60:283, 1908. 


22. Heine: Demonstration zum Flussigkeitswechsel im Auge, Deutsche ophth. Gesellsch. 
39: 398, 1913. 
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taneous relief of acute glaucoma, presumably by relieving relative pupillary block. 
As a matter of fact, 1 have observed several eyes (four in the past year) in which 
during an attack of acute glaucoma, when the pupil became fully dilated, the attack 
was relieved, and the tension fell spontaneously to normal without treatment. In 
most such eyes one later notes the gradual onset of chronic glaucoma; but in those 
eyes in which after an acute attack of glaucoma the pupil remains permanently 
widely dilated and fixed, according to my own observations and those of several 
of my colleagues, an acute attack will never again develop. In one of his cases, 
Serr '* produced an acute rise in tension in both eyes by exposing the eyes to 
darkness. In one eye the instillation of 5% cocaine and 1/1,000 solution of 
epinephrine hydrochloride produced dilation of the pupil to 8 mm. The tension 
promptly fell to normal in this eye, while it remained high in the other eye until 
the pupil was constricted by exposure to light. It might be inferred from the fore- 
going observations that miotics should regularly lead to an acute rise in tension in 
eyes with a shallow anterior chamber and a narrow angle. In some cases miotics, 
especially diisopropyl fluorophosphate, do in fact cause a rise in tension.** This 
effect might be considered due to the congestive effect of the drugs, but in the 
following case there was at no time any external evidence of congestion. Rather, 
it seemed to be the miosis itself which was responsible for the elevated tension. 


Several months ago I treated an 82-year-old patient with narrow-angle glaucoma. Several 
years previously a condition diagnosed as glaucoma was present in the right eye. When a 
strong solution of physostigmine was used in this eye, an acute attack of glaucoma was pre- 
cipitated, requiring iridectomy, and the eye was eventually lost. Two or three years prior to his ' 
consulting me the left eye began to show periodic rises in tension. With 2% pilocarpine nitrate, 5 
the tension was well controlled until early this year. Then periodic rises in tension to 40 mm. 
or more (Schigtz) were recorded. When 5% neostigmine methylsulfate was given, the tension 
quickly rose to 55 mm., but gradually came down when the neostigmine was discontinued and 
use of a weaker miotic (2% pilocarpine nitrate) was resumed. Five months previously a small 
opening was made in the periphery of the iris (Curran peripheral iridotomy), and the tension 
has since ranged from 14 to 20 mm. (Schigtz), without further treatment. Recently, 5% 
neostigmine methylsulfate was again tried, to determine whether or not it would cause a rise 
in tension. At the beginning of the test the pupil was 3mm. Tension was 16mm. Two hours 
after 5% neostigmine methylsulfate was instilled, the pupillary diameter was 1.2 mm., and 
tension was 14 mm. 


I have never observed, nor have I seen reported, an acute rise in tension result- 
ing from the use of miotics in an eye in which there was an opening in the periph- 
ery of the iris, as the result either of a full iridectomy or of a peripheral iridectomy 


or iridotomy. This observation, and the difference in the effect of miosis before 
and after peripheral iridotomy in the case just described, suggest that the miosis 
is a more important factor than congestion of the uveal tract in cases in which the 
use of miotics brings about an increased tension—at least that congestion of the 
uveal tract is not effective in raising ocular tension when the condition of relative 
pupillary block is obviated by the presence of a coloboma of the iris. Despite the 


23. Leopold, I. H., and Comroe, J. H., Jr.: Use of Di-Isopropyl Fluorophosphate (“DFP”) 
in Treatment of Glaucoma, Arch. Ophth. 36:1-16, 1946. von Sallmann, L., and Dillon, B.: 
Effect of Di-Isopropyl Fluorophosphate on the Capillaries of the Anterior Segment of the Eye 
in Rabbits, Am. J. Ophth. 30:1244, 1947. Dunphy, E. B.: Di-Isopropyl Fluorophosphate in 
Glaucoma, Bull. New England M. Center 9:102, 1947. Sugar, H. S.: Acute Glaucoma: <A 
Follow-Up Study, Am. J. Ophth. 30:451, 1947. 
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clear evidence that in certain predisposed eyes miotics may cause an acute rise in 

tension, it is common knowledge that miotics in most cases lower the tension. 

Constriction of the pupil, while increasing resistance to flow from the posterior 

to the anterior chamber, by putting the iris under tension, apparently causes it to 

resist the tendency to be bulged forward by the greater pressure in the posterior 
chamber. 

The most striking evidence in support of the importance of relative pupillary 
block as the principal factor in the mechanism of an acute rise in tension in eyes 
anatomically predisposed because of a shallow anterior chamber lies in the results 
of operative intervention. Since the time of von Graefe it has been universal 
experience that in early cases of uncontrolled acute glaucoma or in cases of longer 
duration in which the tension can be brought to normal with miotics, iridec- 
tomy usually effects a permanent cure of the glaucoma. The mechanism of this 

permanent relief in favorable cases was not satisfactorily explained until the advent 
of the gonioscope. Gonioscopic examination in these successful cases, as first 
pointed out by Barkan,* shows a widening of the chamber angle,** which could 
have been brought about only by the establishment of free communication between 
I! the chambers and the relief of the “physiologic” iris bombé. This widening of the 
| angle of the anterior chamber is brought about not only by full iridectomy, but 
also, and equally effectively, by a tiny peripheral iridectomy or iridotomy. There 


: is a striking difference when one compares the gonioscopic appearances in the two 
: eyes of the same patient one of whose eyes has been relieved of an acute attack 

of glaucoma by peripheral iridectomy and the fellow eye has never shown any sign s 
i or symptom of glaucoma. The angle of the anterior chamber is seen to be strik- 4 
; 


ingly wider in the eye operated on than in the fellow (normal) eye. In the glau- 
comatous eye, after operation the plane of the iris is more or less flat from pupillary 
‘ border to periphery, whereas in the normal, but predisposed, fellow eye the contour 
| of the iris between pupillary border and periphery presents the characteristic for- 
ward bulge, and in many eyes the whole iris may have a convex contour. This 
difference in contour, as first pointed out by Curran,'® is striking even with ordi- 
nary methods of examination. In early narrow-angle glaucoma, after an opening 
has been made in the iris, either by full iridectomy or by a peripheral iridectomy 
4 or iridotomy, it is no longer possible to bring about an acute rise in tension in the 
eye by mydriasis.?* » 


DIAGNOSIS OF NARROW-ANGLE GLAUCOMA 


At first glance the differential diagnosis of wide-angle and narrow-angle glau- 
coma might not be considered difficult. One might consider that if the anterior 
chamber were shallow a diagnosis of narrow-angle glaucoma could be made auto- 
matically. Such is far from being the case. There are many eyes with a shallow 
anterior chamber in which the angle is open at all times, whether or not the tension 
is elevated. In true narrow-angle glaucoma the obstruction to outflow is due 
solely to closure of the angle of the anterior chamber, whereas in wide-angle 


24. (a) Haas, J. S., and Scheie, H. G.: Peripheral Iridectomy in Narrow Angle Glaucoma, 
to be published. (b) Curran.18 (c) Sugar, H. S.: The Glaucomas, St. Louis, C. V. Mosby 
Company, 1951, p. 333. 
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glaucoma the angle is always open—at least until very late in the disease—and the 
obstruction to outflow lies in the filtration apparatus. Sugar stated *°: 


In the presence of an elevated tension, gonioscopic visualization of the functional posterior 
g 
portion of the trabecular wall rules out the diagnosis of acute (narrow angle) glaucoma. 


Thus, the anterior chamber may be rather shallow, but if the angle is open when 
the tension is elevated, the narrow angle (angle-closure) mechanism is not 
responsible for the glaucoma. Gonioscopy is therefore the most reliable means 
of making the differential diagnosis of narrow-angle and wide-angle glaucoma. 
There are two general types of narrow-angle glaucoma, the acute fulminating type, 
and the more subacute or chronic form. Though the increased tension in both 
forms is due to closure of the angle from contact between the iris periphery and 
the trabeculum, the clinical behavior of the two types may be somewhat different, 
though one form may merge into the other. Cupping of the disk is not seen in the 
acute form except in cases in which the attack has been unrelieved for two weeks 
or more, whereas in the latter type cupping and atrophy of the disk with loss of 
field are commonly observed. In the differentiation of narrow-angle glaucoma 
from other types, the acute and subacute or chronic form may be discussed sep- 
arately. 


Acute Narrow-Angle Glaucoma.—Primary acute glaucoma has such a charac- 
teristic clinical picture that there is usually no difficulty in making the diagnosis ; 
yet certain points in differential diagnosis may be emphasized. Primary acute 
glaucoma may sometimes be confused with acute hemorrhagic glaucoma or glau- 
coma rubeosa. In acute hemorrhagic glaucoma there is usually a history of severe 


loss of vision previous to the onset of the attack of glaucoma. The anterior cham- 
ber is usually normal in depth. The pupil is rarely more than 3 mm. in diameter, 
and posterior synechia is common. New vessels! on the iris are often seen. If 
ophthalmoscopic examination is possible, one may see the characteristic picture of 
occlusion of the central vein. If the occlusion has occurred some time previously, 
though the hemorrhage may be absorbed, one notes new vessels on the disk or 
elsewhere in the fundus. Glaucoma rubeosa presents a picture similar to that of 
hemorrhagic glaucoma as far as the anterior segment is concerned. A history of 
diabetes and of poor vision in the eye antedates the rise in tension. The ophthal- 
moscopic picture is typical of diabetic retinopathy. 

An acute exacerbation of chronic glaucoma may be diagnosed by the presence 
of field changes and cupping of the disk. 

Secondary glaucoma complicating acute iritis or uveitis may be confused with 
primary acute glaucoma. In both cases the eye may be congested, the cornea 
steamy, and iris vessels dilated. The presence of formed keratic precipitates rules 
out primary glaucoma. In acute iritis or uveitis the pupil is characteristically 
smaller than in acute glaucoma, and exudative posterior synechias may be present. 
The anterior chamber as a rule is not unusually shallow, and the onset of the 
inflammation precedes the rise in tension by days or weeks. The presence of a 
large number of cells in the aqueous may confuse the picture. It must be remem- 
bered that the presence of cells in the aqueous does not in any way militate against 
a diagnosis of primary acute glaucoma. Their presence is the rule in the con- 


25. Sugar, 24¢ p. 241. 
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gestive phase—indeed, the aqueous may be loaded with cells. One or more pig- 
mented posterior synechias are observed not infrequently in acute glaucoma. 

A confusing picture may be presented by a case of acute glaucoma in which the 
tension has spontaneously fallen to normal by the time the patient presents himself. 
Such a case was recently reported by Posner.** In these cases one usually finds 
congestion of the eye. The pupil is widely dilated. The cornea may show consid- 
erable edema, with many folds in Descemet’s membrane. The aqueous may be 
loaded with cells. The anterior chamber is shallow. Tension is normal. The 
most important points in differential diagnosis of such cases are the history and 
the dilated pupil. The history reveals that in a normal functioning eye within one 
or two hours there was marked loss of vision with more or less severe pain. In no 
other ocular disease accompanied by acute anterior inflammation do we observe 
a spontaneous wide dilation of the pupil or have a history of such a rapid transition 
from a normal functioning eye to one with pain and marked loss of function within 
a period of one or two hours, and this perhaps is one of the most important consid- 
erations in the diagnosis of acute glaucoma. 

Glaucomatocyclitic crisis may simulate primary acute glaucoma. In the former, 
the rise in tension may be abrupt, and the patient may complain of pain, of seeing 
colored haloes around lights, and of loss of vision. The anterior chamber is of 
normal depth, however, and the angle as observed gonioscopically is open when 
the tension is elevated. A few small keratic precipitates and a few cells in the 
aqueous are always seen, either at the beginning of the attack or within the next 
few days. Certain evidences of a previous acute attack may be helpful in making 
the diagnosis. The “cataracta disseminata subcapsularis glaukomatosa” of Vogt ** 
is a valuable sign. Scattered fine white opacities in the anterior capsule of the lens 
in the pupillary zone are often seen during an attack of acute glaucoma and persist 
aiter the attack. Patchy grayish areas of atrophy of the iris stroma may be seen in 
an eye with a shallow anterior chamber. This is almost conclusive evidence of a 
previous attack of acute glaucoma. Of course, a history of previous prodromal 
attacks may be helpful in differential diagnosis. In rare cases the axial depth of 
the anterior chamber may appear normal. This fact should never militate against 
a diagnosis of primary acute glaucoma, provided the classic signs and symptoms 
are present and the angle is narrow and closed gonioscopically during the attack. 

Subacute or Chronic Narrow-Angle Glaucoma.—lIn the subacute or chronic 
form of narrow-angle (angle-closure) glaucoma the differentiation from wide-angle 
(open-angle) glaucoma may be difficult. Gonioscopy is most helpful. In narrow- 
angle glaucoma, during a phase of elevated tension, gonioscopy reveals closure of 
a considerable portion of the angle, whereas in wide-angle glaucoma the angle is 
always open, even when the tension is elevated. Aside from gonioscopy, what 
other clues may aid in differential diagnosis ? 

In wide-angle glaucoma in juvenile patients the presenting symptoms may be 
blurred vision and haloes around lights, with a tension of 40 to 60 mm. (Schigtz) 
early in the disease. Rarely in middle life and later does one find such an acute 


26. Posner, M.: Acute Glaucoma Simulating Acute Iritis, Arch. Ophth. 46:584, 1951. 


27. Vogt, A.: Cataracta disseminata subcapsularis glaukomatosa, Klin. Monatsbl. Augenh. 
85:586, 1930. 
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elevation in tension in wide-angle glaucoma, until the disease is well advanced. In 
most cases, if the disease is discovered early, the tension is only slightly increased, 
and the patient is symptom-free. The tension usually rises gradually over a period 
of years. In narrow-angle glaucoma the initial rise in tension is usually a consider- 
able one, often sufficient to produce pain, blurred vision, or haloes. The fluctua- 
tions in tension are relatively wide, often from the normal range to 40 or 50 mm. 
(Schigtz) or more during a 24-hour period. Such wide fluctuations are not com- 
monly observed in wide-angle glaucoma in patients of middle age or older. In 
general, the response to miotics is more pronounced in narrow-angle than in wide- 
angle glaucoma. If the initial tension is 40 or 50 mm. or more, in a relatively 
early case of wide-angle glaucoma, the tension is often not brought fully to normal 
with miotics, whereas in narrow-angle glaucoma at the same stage it often is. Sub- 
acute or chronic narrow-angle glaucoma tends to run a more rapid course than 
does chronic wide-angle glaucoma, owing to the higher level of tension from the 
onset of the disease. As a result, in moderately advanced and advanced subacute 
or chronic narrow-angle glaucoma there may be marked atrophy of the disk with 
a minimal or moderate degree of excavation, whereas in the wide-angle type cupping 
of the disk is usually very pronounced in the advanced stage. When the glaucoma 
is in an advanced stage, the elevation of tension may be only moderate in degree 
in wide-angle glaucoma, whereas it is nearly always high in the narrow-angle type. 
Measurement of the rate of outflow’ from the anterior chamber is a valuable 
method of distinguishing between wide- and narrow-angle glaucoma, particularly 
if the glaucoma is unilateral. As mentioned above, in wide-angle glaucoma the 
fellow, clinically normal eye characteristically shows obstruction to outflow, whereas 
in narrow-angle glaucoma outflow is normal in the fellow, clinically normal eye. 


CLINICAL COURSE OF NARROW-ANGLE GLAUCOMA 


Acute Narrow-Angle Glaucoma.—There may) be one or several prodromal 
attacks before the final one, from which the patient does not recover spontaneously. 
Between prodromal attacks the tension is completely normal, and tonography shows 
a normal facility of outflow of aqueous. Between attacks the angle, though narrow, 
is open. During an attack the angle is completely closed. In some cases loss of 
vision is rapid and profound, and complete blindness follows in a few days. In 
other cases the loss of vision is at first not so severe. In nearly all cases if the 
eye is untreated and the attack continues, more or less severe congestion is seen. 
Within two or three weeks cupping of the disk may be observed, and all vision is 
eventually lost. Closure of the angle becomes permanent, owing to the formation of 
peripheral anterior synechias. 


Subacute or Chronic Narrow-Angle Glaucoma.—In this form, in the early 
stages, as in the milder prodromal attacks of acute glaucoma, there are periodic 
abrupt elevations of tension, with spontaneous return to normal. Whereas in acute 
glaucoma the periods of elevated tension usually occur at intervals of weeks or 
months, in the subacute or chronic form, at a relatively early stage in the disease 
the attacks come at more frequent intervals, often daily. Eventually peripheral 
anterior synechias form, bringing about a permanent closure of part of the angle, 
and the tension, even between attacks, does not spontaneously return to completely 
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normal levels. Gradually cupping and atrophy of the disk take place, with loss of 
field. Though the tension may reach 60 or 70 mm. (Schigtz) during an attack, 
except in the advanced stage the tension usually subsides spontaneously or can be 
lowered with miotics. In some cases an acute irreversible attack may occur, but in 
many cases the disease progresses to absolute glaucoma without such an attack. 
During periods of elevated tension gonioscopy reveals closure of a considerable 
portion of the angle; but unless an acute, irreversible attack occurs, one does not 
see complete closure of the entire angle during a phase of elevated tension. Usually 
some portions of the angle appear deeper than other portions and remain open 
during a period of elevated tension. This may be a possible explanation of the 
difference between the clinical picture of acute glaucoma and that of subacute or 
chronic narrow-angle glaucoma. As the disease progresses, external signs of con- 
gestion often appear. Judging from the history, subacute or chronic narrow-angle 
glaucoma may progress to absolute glaucoma in only a few months. 


TREATMENT 


If one accepts the validity of relative pupillary block, or “physiologic” iris 
hombé, as an important mechanism in the forward movement of the periphery of 
the iris to close the angle and cause a rise in pressure, the indications for treatment 
in the early stage are clear-cut. One must pull the iris away from the angle by 
putting it on a stretch with miotics, or an opening must be made in the periphery 
oi the iris, either with a full iridectomy or a peripheral iridectomy or iridotomy, to 
eliminate obstruction to flow from posterior to anterior chamber. Such treatment 
can be completely effective only in the early stage of the disease, before extensive 
peripheral anterior synechias have permanently closed the angle. 


Acute Narrow-Angle Glaucoma—A. Medical Treatment: Dibenamine® (N,N- 


: dibenzyl-8-chloroethylamine hydrochloride) has been advocated by Christensen and F 

if :; Swan ** to lower the tension prior to surgical intervention. Retrobulbar injection 

am { of procaine with or without epinephrine is reported to be effective in lowering the 2 
; tension in some cases.** As pointed out by Scheie and Ojers,*® this may cause dila- 5 


tion of the pupil unless preceded and followed by instillation of a miotic drug, such 
as pilocarpine or carbachol U. S. P. (carcholin®), which acts on the end-organs. 

+ Miotic therapy is probably the medical treatment of choice for acute glaucoma. 
Usually strong miotics are used every 10 or 15 minutes for the first hour or two of 
treatment. Diisopropyl fluorophosphate is sometimes effective in lowering the ten- 
sion, but in other cases it has produced a still greater rise in tension. Even ordinary 
miotics will sometimes cause an increase in tension. If after two or three hours of 
intensive miotic treatment there is no significant lowering of tension, especially if 

the tension has become even higher, it is wisest to proceed at once to operation. 


28. Christensen, L., and Swan, K. C.: Adrenergic Blocking Agents in the Treatment of 
Glaucoma, Tr. Am. Acad. Ophth. 53:489, 1949. 

29. Gifford, S. R.: Some Modern Preparations Used in the Treatment of Glaucoma, Arch. 
Ophth. 57:612, 1928. Icaza, M. J.: Medical Treatment of Acute Glaucoma, ibid. 35:361, 
1946. Levitt, J. N.: Practical Management of Primary Glaucoma, Dis. Eye, Ear, Nose & 
Throat 2:249, 1942. 

30. Scheie, H. G., and Ojers, G.: Choice of a Miotic Agent Following Retrobulbar Anaes- 
thesia, Am. J. Ophth. 32:1369, 1949. 
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In my opinion, a trial of miotics for 6 to 12 hours without evidence of substantial 
lowering of tension is unjustified and may result in permanent loss of vision, some 
of which might have been prevented by early operation. If the tension can be 
brought fully to normal with miotics, operation can be delayed a few days until the 
eye is relatively quiet. I believe that a single attack of acute glaucoma provides 
sufficient indication for surgical intervention, except in older people. In the case 
of patients in the 70’s or 80's, if the tension can be brought to normal with miotics, 
the hazards of surgery probably outweigh the chances of another attack, provided 
miotics are afterward regularly used. 

B. Surgical Treatment: The effectiveness of iridectomy in acute glaucoma has 
been recognized since the operation was introduced by von Graefe. It is common 
experience, however, that a properly performed iridectomy will often not bring the 
tension fully to normal in cases of glaucoma of 36 hours’ duration or more in which 
the tension cannot be reduced with miotics. The reason is clear when gonioscopic 
examination is made after operation. In such cases a large part, or all, of the angle 
remains permanently closed by peripheral anterior synechias. Full iridectomy, if 
unattended by operative or postoperative complications, though completely effective 
in normalizing the tension in the early cases, or in any case in which the tension is 
normal under miotic treatment prior to operation, almost invariably causes some 
loss of function of the eye. There is usually irregular astigmatism, sometimes of high 
degree ; and though vision can be brought to normal with lenses, the patient usually 
complains that nothing is as clear and distinct as in the fellow, normal eye. 

Curran,'* in 1920 and again in 1931,*! advocated peripheral iridectomy or 
iridotomy for narrow-angle glaucoma. He believed that a relative increase in 
pressure in the posterior chamber over that in the anterior chamber was responsible 
for the forward bulging of the iris and closure of the angle. The Curran peripheral 
iridotomy was used successfully in some cases by Gifford,*? Elschnig,** and O’Con- 
nor.** This operation fell into disrepute, since, though it widened the angle of the 
anterior chamber in all cases, it failed permanently to reduce the tension in advanced 
cases in which much of the angle was closed by peripheral anterior synechias. 

Banziger '® in 1922 argued for the theory of relative pupillary block in acute 
glaucoma and presented a case in which relief was obtained by a small peripheral 
iridectomy. Haas and Scheie,*** in a recent paper presented at the American 
Academy of Ophthalmology and Otolaryngology, reported excellent results with a 
small peripheral iridectomy in cases of early acute glaucoma or cases in which the 
tension was brought to normal prior to operation with miotics. They recommended 
peripheral iridectomy in any first attack of acute glaucoma of less than 36 hours’ 
duration or in any case in which the tension came to normal either spontaneously or 
with miotics. I likewise have noted a striking deepening of the chamber angle after 


31. Curran, E. J.: Peripheral Iridotomy in Acute and Chronic Glaucoma: Some Results 
After Ten Years’ Duration; Anatomical Classification of Glaucoma, Tr. Ophth. Soc. U. King- 
dom 51:520, 1931. 


32. Gifford, H.: Peripheral Iridotomy (Curran) in the Treatment of Glaucoma, Am. J. 
Ophth. 4:889, 1921. 

33. Elschnig, A.: Curran’s Irodotomie gegen Glaukom, Klin. Monatsbl. Augenh. 70:667, 
1923. 

34. O’Connor, R.: Peripheral Iridotomy (Curran) in Glaucoma, Tr. Pacific Coast Oto- 
Ophth. Soc., 1934. 
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peripheral iridotomy or iridectomy, with complete relief of the glaucoma, in the 
early cases. Since peripheral iridectomy or iridotomy is apparently as effective as 
full iridectomy in the early, favorable cases, or those in which the tension can be 
brought to normal with miotics, it is very much to be preferred because of the 
slighter operative hazard and the far better visual results. For the Curran operation 
I have employed a Haab knife needle made by Grieshaber (Fig. 3). The needle is 
passed in a slanting fashion through the cornea into the extreme periphery of the 
anterior chamber, with the cutting edge directed toward the limbus. The point is 
passed through the extreme periphery of the iris and back through the iris into the 
anterior chamber 2 or 3 mm. beyond the initial iris puncture. The cutting edge of 
the blade is then turned forward and held against the back of the cornea in the 
extreme periphery as the knife is slowly withdrawn. If the operation goes well, one 
succeeds in cutting through the iris between the two punctures. This provides an 
opening in the iris 2 to 4 mm. across. Usually the aqueous is lost by the time the 


Fig. 3.—On the left is pictured the double puncture of the iris with the cutting edge of the 
knife directed toward the upper limbus. On the right the cutting edge of the knife is directed 
toward the cornea. The knife is pictured below. The cutting edge of the blade is convex 
rather than concave, as in the usual discission knife. 


operation is completed. The anterior chamber re-forms, however, in a matter of 
seconds, this speed being further indication of an abnormal accumulation of aqueous 
behind the iris diaphragm in these cases. The Curran operation usually causes little, 
if any, bleeding, the eye need not be bandaged, and the patient can leave the hos- 
pital the following day. However, I consider the operation to be technically a 
difficult one. There is, of course, danger of injuring the lens unless the opening in 
the iris is made in the extreme periphery, and I have not always been successful 
in cutting through the little tongue of iris between the two punctures. The eye 
should be fixated at two points; one should have a perfect knife, perfect illumina- 
tion, and good magnification. Figure 4 illustrates a successful Curran peripheral 
iridotomy. 

The technique of peripheral iridectomy which I prefer is illustrated in Figure 5. 
A peritomy about 6 or 7 mm. in width is done in the 2 or the 10 o'clock position. 
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The conjunctiva retracts from the field. With a Bard-Parker knife, an ab externo 
incision is begun about 2 mm. posterior to the limbus and slanted toward the cornea, 
so that the anterior chamber is entered about 1 mm. from the limbus. A McLean 
000000 silk suture is placed when the incision has penetrated about one-half the 
thickness of the sclera. The total length of the incision where it enters the anterior 


Fig. 4.—Photograph of an eye showing an opening in the periphery of the iris made as 
described above. Curran peripheral iridotomy. 


Fig. 5.—After a small peritomy the conjunctiva retracts out of the field. A McLean suture 
1s placed, with both needles brought through the conjunctiva near the cut edge. On the right, 
after the suture is tied, the conjunctiva is held tightly against the wound and slightly overlaps 
the cornea. 


chamber need not be more than 3 or 4 mm. If the iris does not prolapse, small iris 
forceps, from which the teeth have been completely ground off, are introduced into 
the anterior chamber ; the iris is grasped in the extreme periphery and withdrawi, 
and a tiny piece is excised by cutting with the iris scissors as close as possible to 
the tip of the forceps. The iris is replaced by stroking the cornea. Both needles of the 
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double-armed suture are brought through the conjunctiva near the cut edge, and 
the suture is tied tightly. The importance of tight closure of the wound with scleral 
sutures cannot be overemphasized. Persistence of a flat anterior chamber for even 
24 hours, by promoting the formation of peripheral anterior synechias, may in some 
cases nullify the success of the operation. 

For the neglected cases of acute glaucoma, in which the eye has been untreated 
for 48 hours or longer and the tension cannot be lowered with miotics, iridectomy 
may still completely normalize the tension, but all too often it succeeds only in 
changing the situation from acute to chronic glaucoma, owing to the formation of 
persistent peripheral anterior synechias. For this reason, filtering operations are 
commonly employed for such cases. The trephining operation, in my opinion, entails 
a good deal of risk of injuring the lens with the trephine blade or of the lens herniat- 


Fig. 6.—The incision has been made, and the two track sutures have been rethreaded. The 
spatula is passed through the end of the wound and down either side. One edge of the spatula 
is at the limbus border. The dotted area represents the zone freed with the spatula. After 
this, the iridectomy is performed in the usual manner; the sutures are tied, and the anterior 
chamber is formed with air. Both suture needles in each suture are brought through the con- 
junctiva near the cut edge as in peripheral iridectomy, so that the wound is covered with con- 
junctiva. 


ing into the opening after operation and blocking it. Iridencleisis is perhaps the 
most commonly employed operation in a case of this type, and is often successful. 
lf, however, after iridencleisis the anterior chamber remains flat for some days and 
a filtering scar does not develop, the glaucoma is not only unrelieved by the opera- 
tion, but may be made worse, owing to the formation of more peripheral anterior 
synechias. In an attempt to avoid these complications, during the past two years I 
have employed a modified iridectomy in these cases (Fig. 6). The incision may be 
made in any way preferred by the surgeon. I prefer the knife or the ab externo 
incision. Two Verhoeff track sutures are placed. A cyclodialysis spatula is intro- 
duced into the incision and passed down on either side to the 3 and 9 o'clock posi- 
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tions, respectively, in such a fashion that one edge of the spatula is barely visible in 
the anterior chamber, in an attempt to free recently formed peripheral anterior 
synechias. The iridectomy is then done in the usual manner; the wound is tightly 
closed, and the anterior chamber is re-formed with air through a previously pre- 
pared slanting incision in the lower part of the cornea. Here, also, I believe that 
tight closure of the wound is of great importance in avoiding the risk of a flat 
anterior chamber after operation. If the wound is thus tightly closed, one not 
infrequently notes a moderate elevation of tension during the first few postoperative 
days. Gonioscopic examination of eyes successfully operated on by this technique 
has revealed an angle for the most part open in the upper half of the circumference 
and closed in the lower half. 

In the case of young or middle-aged patients who suffer an acute attack of 
glaucoma in one eye, what shall be the treatment for the fellow eye? In spite of the 
continued use of miotics, it is well known that in many cases the second eye suffers 
an acute attack sooner or later. Classic iridectomy, if there are no operative or post- 
operative complications, offers a complete safeguard against future attacks. Owing 
to surgical complications and the often unfavorable effect on visual acuity, however, 
many surgeons have been reluctant to advise it. Since a small peripheral iridectomy 
or iridotomy is as effective as the classic iridectomy and the operative risk 
is minimal, it should, in my opinion, be advised for the fellow eyes of most young 
or middle-aged patients with acute glaucoma in one eye. 


Subacute or Chronic Narrow-Angle Glaucoma.—A. Medical Treatment: A 
characteristic tension curve of untreated early narrow-angle glaucoma is shown in 
Figure 7. It can be seen that the tension comes spontaneously to normal at some 
time of the day. During the phase of considerable elevation of tension, the iris is 
in contact with the trabeculum, and permanent adhesions may form. For this 
reason it is of the greatest importance to prevent, if possible, any periodic elevation 
of tension whatever. Therefore one should employ at the outset of treatment the 
strength of miotic necessary to control the tension completely at all times, if such 
control is possible. Figure 7 illustrates this point. It can be seen that the periodic 


rise in tension during the day was little influenced by 1 and 2% pilocarpine nitrate, 
but was completely prevented when 4% pilocarpine nitrate was used. This patient 
has used 4% pilocarpine nitrate four times daily for 10 years. During this period 
I have never found the tension over 20 mm. (Schigtz). The visual fields and the 
appearance of the optic disks remain unchanged. 


B. Surgical Treatment: The indications for surgical treatment of this form of 
narrow-angle glaucoma are difficult to define. In older patients conservatism con- 
sistent with a reasonable expectation of maintaining vision during the patient’s 
lifetime is the general rule. For younger patients one must be guided by the stage 
of the disease when treatment is begun and the completeness of the control of ten- 
sion with miotics. Before the disk shows cupping, or when cupping and field 
changes are minimal and the tension can be brought fully to normal with miotics, 
I have found that peripheral iridectomy or iridotomy always has a beneficial effect 
and in many cases apparently completely arrests the glaucoma. For these cases of 
early glaucoma in young and middle-aged patients, with such an excellent prospect 
of arrest of the disease by a relatively simple operation, I believe surgery should be 
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advised at the first indication of lack of control with miotics. Curran *° was the first 
to advise peripheral iridotomy or iridectomy for subacute or chronic narrow-angle 
glaucoma. Barkan ** advised multiple peripheral iridectomy. 

The stage of the glaucoma at which peripheral iridectomy or iridotomy, with 
or without the continued use of miotics, will arrest the disease must be determined 
by further clinical experience. In borderline cases with small to moderate field loss, 
peripheral iridectomy or iridotomy can be performed in the 10 or the 2 o'clock posi- 
tion. If the postoperative tension is still too high even with miotic treatment, a 
filtering operation can be done in the 12 o’clock position. When the disease is 
advanced, peripheral iridectomy or iridotomy, though it deepens the periphery of 
the anterior chamber, will usually have little effect on the glaucoma, owing to the 
permanent closure of a considerable portion of the angle by peripheral anterior 


glass 


TENSION SCHIOTZ 


TIM 8AM. TO 8PM. 

Fig. 7.—The fields show that the glaucoma is relatively early. The tension curves for 
untreated early narrow-angle glaucoma with 1%, 2%, and 4% pilocarpine nitrate are shown. 


synechias. 


For these more advanced cases a filtering operation is required. 
Iridencleisis with or without sclerectomy is probably at present the most popular 
type of operation for this type of glaucoma. If iridencleisis is done for advanced 
narrow-angle glaucoma, it is wisest to make the incision ab externo. Owing to the 
presence of peripheral anterior synechias, it is physically impossible to make an 
incision in the angle of the anterior chamber with knife or keratome without injury 
to the base of the iris. When the incision is made ab externo in such cases, one often 


notes that the aqueous is not lost until the anterior synechias are freed with a 
spatula. Trephining has its advocates. If the operation must be performed in the 


35. Curran, footnotes 18 and 31. 


36. Barkan, O.: Choice of Operation in Glaucoma, Am. J. Ophth. 24:768, 1941. 
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presence of a fairly high tension, I believe the risks of trephining, as mentioned 
above in connection with acute glaucoma, are not inconsiderable. An operation 
which I have employed with considerable success is a combined cyclodialysis and 
peripheral iridectomy, as described by Allen.*? In this operation I prefer to make 
a beveled incision parallel to the limbus, rather than radial, since the latter type 
of incision must of necessity be at right angles to the sclera and is difficult to close 
tightly with sutures. Cyclodialysis without iridectomy I believe is not a good choice 
of operation for narrow-angle glaucoma. This operation has been followed by acute 
attacks,** and there is apparently a greater tendency for the cleft to close than in 
wide-angle glaucoma. An opening in the iris is, in my opinion, an essential to any 
surgical procedure for narrow-angle glaucoma. 

I should like to reiterate my firm conviction that only iris forceps without 
teeth should be used for all glaucoma surgery, owing to the danger of injury to 
the lens with toothed iris forceps. 


SUMMARY 


Narrow-angle glaucoma is a form of glaucoma in which obstruction to outflow 
of aqueous is due to closure of the angle by contact between the periphery of the 
iris and the trabeculum, the angle structures themselves being normal. In wide- 
angle glaucoma, on the other hand, the angle is open at all times, and obstruction 
to outflow of aqueous is due to some obstruction in the filtration apparatus. 

This classification of primary glaucoma into narrow-angle and wide-angle types 
is based on gonioscopy, on clinical measurements of aqueous outflow, and on various 
other clinical observations. 

The principal anatomical cause of a shallow anterior chamber and a narrow 
angle is probably a lens disproportionately large for the anterior segment of the eye. 

The principal physiologic factor which brings about a closure of the angle in a 
predisposed eye is relative pupillary block or abnormal resistance to flow from the 
posterior to the anterior chamber. Other physiologic factors include dilation of the 
pupil, accommodative effort, and engorgement of the vessels of the posterior uvea, 
but these factors apparently do not cause a rise in pressure when relative pupillary 
block has been eliminated by an opening in the periphery of the iris. 

In the differential diagnosis of acute glaucoma the most important consideration 
is the history of an acute, fulminating onset. The state of the pupil and of the 
fundus may give valuable clues. It is emphasized that cells in the aqueous or the 
presence of fine pigmented posterior synechias does not exclude a diagnosis of 
acute glaucoma. 

In the differential diagnosis of subacute or chronic narrow-angle glaucoma, a 
history of periodic attacks of blurred vision accompanied with ocular discomfort 
or haloes about lights strongly suggests narrow-angle glaucoma in patients of middle 
age or older. In general, there are wider fluctuations in the daily tension curve in 
narrow-angle than in wide-angle glaucoma. If during a period of elevated tension 
gonioscopy reveals an open angle, the diagnosis must be wide-angle glaucoma. In 
narrow-angle glaucoma, during a period of elevated tension the angle is closed 
wholly or in part. 


37. Allen, J.: Cyclodialysis: A Simplified Technique, South. M. J. 44:931, 1951. 
38. Bangerter and Goldman.’® Barkan.*¢ 
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Conventional medical treatment of acute glaucoma is discussed. For surgical 
treatment in early cases or in cases in which the tension can be normalized with 
miotics, peripheral iridectomy or iridotomy is recommended as the simplest and 
safest procedure, and one involving the least chance of loss of function of the eye. 
For the neglected cases in which the disease is unresponsive to miotic treatment, 
iridencleisis or modified basal iridectomy is recommended. 


In the medical treatment of subacute or chronic narrow-angle glaucoma the 


importance of complete control of tension at all times in order to prevent the 
formation of peripheral anterior synechias and permanent closure of the angle is 
stressed. Strong miotics at the beginning of treatment may be necessary to accom- 
plish this purpose. For the surgical treatment of this form, in the early stages 
peripheral iridectomy or iridotomy may be completely effective without further 
miotic treatment. In borderline cases, with minimal cupping and small field loss, 
miotics are sometimes necessary after peripheral iridectomy or iridotomy completely 


to normalize the tension. For the more advanced cases, in which a considerable 
portion of the angle is permanently closed by peripheral anterior synechias, a filter- 
ing operation is required. The operation recommended is iridencleisis, or peripheral 
iridectomy combined with cyclodialysis. Cyclodialysis without iridectomy is not 
recommended for any stage of narrow-angle glaucoma. 
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THE CYTOCHROME-C CONTENT OF BOVINE CRYSTALLINE LENS 


LAWRENCE O. ELY, M.D. 
1OWA CITY 


HE CRYSTALLINE lens is rich in both pyruvic acid' and its reduction 

product, lactic acid. The citric-acid cycle has been identified as probably 
playing a role in the utilization of these substrates.* The final hydrogen mediator 
in the lens is unknown. Previous experiments indicate that a large portion of the 
respiration of the crystalline lens is inhibited by cyanide.t This fact indicates that 
the normal oxygen consumption of bovine crystalline lens is dependent on the 
presence of a heavy metal-containing enzyme, most probably iron. The commonest 
enzyme system which is dependent on the presence of iron is the cytochrome- 
cytochrome oxidase system. A previous attempt to isolate and identify cytochrome 
c in the lens met with failure.‘ The present report details another attempt to isolate 
and to identify cytochrome c in the crystalline lens. 


METHODS 


A quantitative spectrophotometric determination was made to see whether cytochrome c could 
be found in the lens, a modification of the methods of Rosenthal and Drabkin 5 and of Potter and 
DuBois ® being used. Bovine lenses were used throughout this experiment.? Fifty lenses were 
used in each determination. Essentially, the isolation of the cytochrome c for analysis consists 
of three principal steps: the extraction of the lenses, the removal of part of the protein contami- 
nants, and the precipitation of the cytochrome c. 

A group of 50 lenses were homogenized with a large glass Potter-Elvehjem homogenizer 
within a short time after the animals were killed. If homogenization could not be performed 
immediately, the intact eyes were kept in the refrigerator at approximately 4 C. until used. 
The weight of the lenses ranged from 0.832 to 1.16 gm. During the process of homogenization 
a sufficient quantity of a mixture containing 12.5% distilled water, 62.5% of 0.5 M sulfuric acid 
and 25% of 2 M ammonium hydroxide was added to the homogenate to make a total volume of 
100 ml. The precipitate was removed by centrifugation at 3,800 rpm for 15 minutes. The 


Supported in part by a grant from the John and Mary R. Markle Foundation. 

From the Departments of Surgery, Physiology, and Ophthalmology, University Hospitals. 

1. von Euler, H., and Giinther, G.: Zur Kenntnis des Diaphorase-Vorkommens im Blut 
und in Augenlinsen, Ztschr. physiol. Chem. 256:228-235, 1938. 

2. Sullman, H.: Der Kohlehydratstoffwechsel der Linse: Die Bildung von Phosphor- 
saureestern in der Linse, Arch. Augenh. 110:303-320, 1937. 

3. Ely, L. O.: Oxidation of Lactic Acid, Pyruvic Acid, and Various Members of the 
Citric Acid-Cycle by Bovine Lens Homogenates, Am. J. Ophth. 34:127-130 (May, Pt. 2) 1951. 

4. Ely, L. O., and Robbie, W.: The Cyanide Sensitivity and Cytochrome C Content of the 
Crystalline Lens, Am. J. Ophth. 33:269-272, 1950. 

5. Rosenthal, O., and Drabkin, D. L.: Spectrophotometric Studies: XI. The Direct Micro- 
spectrophotometric Determination of Cytochrome C, J. Biol. Chem. 149:437-450, 1943. 

6. Potter, V. R., and DuBois, K. P.: The Quantitative Determination of Cytochrome C, 
J. Biol. Chem. 142:417-426, 1942. 

7. The lenses were furnished gratuitously by Wilson Packing Company, Cedar Rapids, Iowa. 
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volumes of both the precipitate and the supernatant were recorded. In the final calculations, 
it is assumed that the cytochrome c is distributed equally between these two components.® 

The second step involved the removal of part of the protein contaminants. This was done 
by adding to the supernatant an equal volume of ammonium sulfate [(NH4)2SO,] solution, 
containing 0.5 gm. of the salt per milliliter. The cylinder was then stoppered and immersed in 
a water bath at 56 C. for 15 minutes. A soft white precipitate forms during the process of 
heating. This precipitate can be removed by filtering through a Whatman No. 40 filter after 
the cylinder has cooled. At this stage of the preparation the solution can be stored in the 
refrigerator for several days without deterioration before the filtration step is accomplished. 

In the final step of isolation the cytochrome c is precipitated. The filtrate is placed in 
graduated centrifuge tubes, and | ml. of 90% trichloroacetic acid is added per 10 ml. of filtrate. 
The solution is then mixed and refrigerated for at least 30 minutes. If the solution is still turbid, 
one adds 0.5 gm. of ammonium sulfate per 10 ml. of initial filtrate. This step is repeated until 
a complete precipitation is obtained. The stirrer is rinsed with saturated ammonium sulfate 
and the solution is centrifuged at 3,500 to 4,500 rpm for 30 minutes. The centrifuge tubes are 
then decanted, and the supernatant 1s discarded. The sediment is brought into solution by the 
addition of 8 to 10 ml. of 1 M sodium hydroxide. The solution is then brought to a volume of 
40 to 50 ml. by the addition of 1 M hydrochloric acid, making the final concentration of hydroxide 
approximately 0.2 to 0.25 M. The insoluble material is removed by centrifugation. 

The concentration of cytochrome c in the above preparation is still so low that further methods 
of concentration are necessary tor accurate determination of the cytochrome content. This 
concentration was accomplished by centrifuging the 40 to 50 ml. of solution in a high-speed 
centrifuge at 18,000 times gravity for a period of two hours. The bottom 2 ml. of solution was 
then used for analysis. Spectrophotometric tests of the supernatant solution revealed no cyto- 
chrome. 

The cytochrome c was analyzed in a Beckman Model DU spectrophotometer as ferrocyto- 
chrome c. The cuvette of this model holds a total of 3 ml. for analysis. To the 2 ml. of solution 
for analysis were added a few crystals of sodium hyposulfite (Naz S20.) in order to convert 
the cytochrome into ferrocytochrome c. One milliliter of distilled water was then added, making 
a total volume of 3 ml. of solution to be analyzed. Recovery procedures showed that the above 
methods would quantitatively identify the cytochrome c in excess of 30 ¥. Inasmuch as 50 lenses 
were used in each determination, the above procedures would identify any cytochrome c in excess 
of 1.2 per lens. 

The final solution obtained by the above methods is not of sufficient purity to permit disregard 
of correction for contaminants. However, the method of calculation described by Rosenthal 
and Drabkin can be used to compensate for these impurities.6 Ferrocytochrome c has two 
distinct absorption bands, a maximum, or a, band at 550 m# and a secondary, or 8, band at 
526 m#. Minimum absorption between these two bands takes place at 535 mu.  Base-line 
absorption produced by slight turbidity or possible flavoprotein contaminants increases the 
readings at 550 and at 535 me# by a similar amount. One can obtain the corrected extinction 
value at a wave length of 550 ms# by the use of the following formula: 


Tobserved 
>= D \550 1 
corrected observed 
Viheory 


Where FP ovservea IS EQual to the ratio [)A55°/Dd535, as read on the solutions being tested, and 
Feneory 18 3.10, the ratio obtained when a purified, optically clear solution of ferrocytochrome c 
is used. When the corrected optical density is obtained, the concentration, in moles per milliliter, 
can be calculated from the equation C = 2” 

where @ is the absorption coefficient of purified ferrocytochrome c at 550 ms# and is equal to 
2.81 (cm.2*/mole) 10-7. 

The amount of cytochrome c in the entire cuvette is then calculated and is changed to ¥ per 
gram of tissue being analyzed (the molecular weight of cytochrome c being taken as 13,000). 
A final correction can now be made for the cytochrome c lost in the original precipitation during 
the first step of separating the cytochrome c for analysis. 


& There is an approximate 50% loss of cytochrome due to the isolation procedure. 
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RESULTS 
Table 1 contains a compilation of the results obtained in the analysis of 200 
lenses in groups of 50. The average amount of cytochrome ¢ per lens found by 
grouping the data in all four experiments is 2.53 y per lens. 


COMMENT 

The amount of cytochrome c isolated from the lens is extremely small. Table 2 

is a composite of data on the oxygen consumption (QOz)* and cytochrome-c content 
of rat tissues. The theoretical amount of cytochrome c per gram of wet weight of 
lens is calculated on the basis of these data. If the cytochrome ¢ present in the lens 
bears the same relationship to oxygen consumption as in other tissues, it is evident 


TaBLeE 1.—Cytochrome-C Content of Bovine Crystalline Lens as Determined by 
Spectrophotometrical Analysis 


Cytochrome Cytochrome 
c/ Lens, 
143.5 2.87 
110.2 2.20 
117.6 2.35 
134.8 2.69 


TaBLe 2.—Theoretical Cytochrome-C Content of Crystalline Lens Calculated from Data 
on Oxygen Consumption and Cytochrome-C Content of Rat Tissues * 


Caleulated 
Cytochrome 
e/Gm, 
Wet Weight 


Tissue of Lens 
37 Kidney 

Brain 

Liver 

Lens 


* The data in this table on rat tissues are taken from Héber (Hoéber, R.: Physical Chemistry of Cells 
and Tissues, Philadelphia, The Blakiston Company, 1945, p. 378); Potter and DuBois *; Crandall and Drabkin 
(Crandall, E. W., and Drabkin, D. L.: Cytochrome C in Regenerating Rat Liver and Its Relation to Other 
Pigments, J. Biol. Chem. 166: 653-668, 1946), and Robbie (personal communication). 


that the amounts found in the lens are in fair agreement with the cytochrome c found 
by other investigators in other tissues with the exception of brain. 

Previous experiments have shown that the lens probably is capable of oxidizing 
various members of the citric-acid, or tricarboxylic-acid cycle. The isolation and 
identification of cytochrome c in the lens further support the probability of the 
presence of the citric-acid cycle in the lens, inasmuch as the cytochrome-cytochrome 
oxidase system is found in relation to the dehydrogenases of the citric-acid cycle 
in other tissues. 

CONCLUSION 


Quantitative spectrophotometric analysis indicates that there is on the average 


2.53 y of cytochrome c per lens in bovine eyes. 


9. QOsz is the number of cubic millimeters of oxygen consumed per milligram of dry weight 
of tissue per hour. 
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EVALUATION OF CAPILLARY MECHANISMS IN PRIMARY GLAUCOMA 


ARTHUR H. KEENEY, M.D. 


LOUISVILLE, KY. 
AND 


IRVING H. LEOPOLD, M.D. 
PHILADELPHIA 


ROM THE etiologic point of view, primary glaucoma continues to be one of 

the niajor enigmas of ophthalmology. One method of attacking the problem 
of etiology is to sift this disease complex for hidden, specific entities which render 
the ocular hypertension classifiable, in some cases, as secondary glaucoma, Work 
in this direction by Lindberg, in 1917, defined and separated the entity of glaucoma 
capsulare. Similarly, Ida Mann, in 1933, identified hyaline membranes of the 
anterior chamber, and subsequent studies by Reese and others removed this disease 
from the group of idiopathic glaucomas. Analogous efforts in the field of essential 
hypertension have removed the pheochromocytoma from that disease complex. 

The purpose of this investigation is to search for possible faults in the general 
capillary mechanism which may be responsible for some cases of so-called primary 
glaucoma. Various, and often vague, concepts of a vascular genesis of glaucoma 
are nearly as old as the present century. The incidental relation of systemic hyper- 
tension to glaucoma and the vasomotor instability frequently seen in patients with 
glaucoma have stimulated interest in vascular mechanisms on the part of such men 
as Magitot, Weekers, Robertson, Charlin, Moreau, Nofles, Hess, Filbrey, and 
Strieff. 


The symptom complex of epidemic dropsy, described originally by Maynard, of 
India, in 1909 and more extensively by Kirwan * in the 1930's is a striking example 
of a generalized disease with which glaucoma is constantly associated. [Epidemic 
dropsy is apparently due to ingestion of diseased rice and is marked by anasarca, 
cardiac hypertrophy, and chronic, noncongestive glaucoma, with expected field 
changes and high intraocular tension but usually without peripheral neuritis. There 
are increased albumin in the aqueous and marked capillary dilatation throughout 


From the Research and Clinical Departments, Wills Hospital, Philadelphia. 

Clinical Instructor in Ophthalmology, University of Louisville School of Medicine (Dr. 
Keeney) ; Director of Research, Wills Hospital, Philadelphia (Dr. Leopold). 

This paper is a condensation of a thesis accepted by the University of Pennsylvania in partial 
fulfilment of the requirements for the degree of Master of Medical Science in Ophthalmology 
(Dr. Keeney). 

1. (a) Kirwan, E. W. O.: Etiology of Chronic Primary Glaucoma, Brit. J. Ophth. 20:321- 
331 (June) 1936; (b) Primary Glaucoma: A Symptom Complex of Epidemic Dropsy, Arch. 
Ophth. 12:1-20 (July) 1934. 
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the uvea and the entire body. These findings point to increased capillary permea- 
bility throughout the body, and glaucoma in such cases seems to be due to a gen- 
eralized capillary fault. Wright,? formerly of Madras, has recently revoiced a plea 
for study of this disease as the key to primary glaucoma. 

Investigations of capillary function in glaucoma patients have rather consistently 
suggested some aberration. 

Scheerer (1924-1925) reported abnormal morphologic features and increased 
permeability in the study of skin capillaries. Thiel (1925) reported elaborate 
studies of enhanced penetration of fluorescein into the aqueous, indicating increased 
capillary permeability in glaucoma patients. Friedenwald’s (1930) studies on the 
pathogenesis of acute glaucoma indicated a vascular lesion, particularly in the 
capillaries of the anterior uvea. More recent investigations by Halpern (1948), 
Cristini (1947), Stocker (1947), Dienstbier (1950), and Lloyd and Robb- 
Smith (1951) have all accumulated evidence of some malfunction of the capillary 
mechanism. 

The application of data from a study of skin capillary beds to specific beds in 
the eye is subject, of course, to certain limitations. There is good reason to believe, 
however, that the capillaries of the eye are affected by chemical substances in the 
same way as are capillaries throughout the body.* Some idea of capillary function 
in the eye may be gained from study of the more accessible skin, even though salient 


differences are recognized as occurring in capillary histology in various parts of 
the body. 


With these relations in mind, several modern methods of capillary study were 
applied to an equal number of patients with primary glaucoma and of control 
patients. The techniques were well-standardized procedures, used for years by 
workers in the fields of peripheral vascular disease and hypertension. 


TESTS EMPLOYED 


A battery of four tests of capillary function were used on each patient. These are determi- 
nation of (1) capillary fragility by the petechial index of G6thlin, (2) capillary morphology 
(microscopy of the fingernail beds), (3) cutaneous lymph flow (index of capillary filtration), 
and (4) capillary count on the midvolar aspect of the forearm and dilatation response to intra- 
dermal injection of histamine. 


1. Capillary fragility was quantitated by the subdiastolic technique of Géthlin as modified 
by Griffith and Lindauer.* 

2. Capillary morphology was studied in the skin at the base of the fingernail bed, a specially 
designed microscope > with a 32 mm. objective, an ocular with a magnifying power of x 10, 
and an oblique illuminating system being used. A drop of cedar oil on the skin eliminated scat- 
tering of light from the irregularities of the surface. The capillaries are usually seen as 
hairpin-like structures of fairly regular size and caliber arranged in a few, generally overlapping 


2. Wright, R. E.: Glaucoma of Epidemic Dropsy, Correspondence, Am. J]. Ophth. 34:640- 
6A1 (April) 1951. 

3. Adler, F. H.: Physiology of the Eye, St. Louis, C. V. Mosby Company, 1950, p. 261. 

4. Griffith, J. Q., Jr., and Lindauer, M. A.: Increased Capillary Fragility in Hypertension : 
Incidence, Complications, and Treatment, Am. Heart J. 28:758-762 (Dec.) 1944. 


5. Commercially adapted by F. J. Jankuskas, P. O. Box 7392, Philadelphia 1, from a Bausch 
& Lomb mono-objective microscope. 
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palisades. Many investigators, largely stimulated by the work of Otfried Miller in the 1920's, 
have alleged specific relationships between morphological variations and diverse disorders of 
both organic and functional nature. Aside from characteristic engorgement in polycythemia, 
thinning in anemia, and persistent embryonic forms in certain congenital heart diseases, 
most of the would-be significance attached to morphologic abnormalities has borne the test of 
time no better than has the art of physiognomy. For a more critical analysis of capillary 
morphology, we have evolved the following descriptive terminology of capillaries in the finger- 
nail bed. 


A. Arrangement of palisades (‘“arcades’’) 
1. Regularity: Regular or irregular (+ to + + + +) 
2. Overlapping: None or + to + + + + 
B. Architecture of loops 
1. Size 
Length: Short, medium or long 
Uniform or variable (+ to + + + +) 
Width: Average, greater than average, less than average 
Uniform or variable (+ to + + + +) 
Caliber : Average, greater than average, less than average 
Uniform or variable (+ to + + + +) 


2. Spacing (between loops) : Average, greater than average, less than average 
Uniform or variable (+ to + + + +) 


: 3. Tortuosity (graded + to + + + +>; special features as indicated) 

: Overwinding : Common, occasional, infrequent, or absent 
Indentations: Common, occasional, infrequent, or absent 

| Branching: Common, occasional, infrequent, or absent 


; 4. Direction in relation to skin: Parallel or perpendicular 
{ Uniform or variable (+ to + + + +) 
: Perpendicular in proximal three-fourths, one-half, or one-fourth 
C. Blood flow through loops 
1. Segmentation of blood column: Common, occasional, infrequent, or absent 
2. Speed of flow: Average, greater than average, less than average 


D. Communicating vessels (portions of subpapillary vascular plexus): Conspicuous, infrequent, or 
absent 


3. The cutaneous lymph flow gives a direct index of capillary filtration because the lymph 

is formed of fluid from the capillaries and its rate of formation determines the speed of flow. 
: This flow was measured by means of an intracutaneous injection (approximately 0.04 cc.) of 
: a dark, colloidal dye. Sterile patent blue ® was injected with a tuberculin syringe and a 26- 


made to the nearest 4% in. (3 mm.). Griffith and his associates * considered that a spread of 
6/8 in. (1.9 cm.) or greater indicates pathologically increased filtration. The dye is nontoxic, 
and all traces of discoloration disappear in 18 to 48 hours. 


gauge needle according to the technique of McMaster.*? The midvolar skin of the forearm was 

! again used as a test site in order that the readings might conform with reports in the literature. 

, ; One minute was allowed for the force of the injection to be absorbed. A base tracing was ‘: 

then made on cellophane® of the area into which the dye had entered. Fifteen minutes later a : 
fi second tracing was similarly made, and the distance the dye had traveled in the longest streamer 4 
i : was calculated by linear measurement from the periphery of the base tracing. Measurement was 3 


4. Capillary counts were made by tabulating the number of loops seen in an area on the 
forearm 2 mm. square. This space was marked out with a rubber stamp and fitted well within 
the field of the capillary microscope (Fig. 1). Less than six or seven loops in untraumatized 
skin is considered to indicate spasm or sclerosis. Counts up to 40 or 50 loops occasionally are seen 


6. Purchased from F. J. Jankuskas, P. O. Box 7392, Philadelphia 1. 


7. (a) McMaster, P. D.: Changes in Cutaneous Lymphatics of Human Beings and in Lymph 
Flow Under Normal and Pathologic Conditions, J. Exper. Med. 65:347-372 (March) 1937; (b) 
Conditions of the Skin Influencing Interstitial Fluid Movement, Lymph Formation, and Lymph 
Flow, Ann. New York Acad. Sc. 46:743-787 (Sept.) 1946. 

8. Shanno, R. L.; Griffith, J. Q., Jr., and LaMotte, W. O., Jr.: Capillary Fragility and 
Capillary Permeability in Relation to Retinal Hemorrhage, Am. J. Ophth. 30: 1556-1563 (Dec.) 
1947. 
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in apparently healthy subjects, especially in younger adults. After the first tabulation, the total 
number of capillary loops in the same area was determined after a few pinpricks (without draw- 
ing of blood) through a drop of sterile 1: 1,000 solution of histamine phosphate placed just distal 
to the point of observation. In such a histamine flare, all capillaries capable of dilatation usually 
open, and this number normally doubles, or at least increases the initial number by six or seven. 
Considerable increase in capillary count after injection of histamine indicates capillarospasm. 
Failure of a lower initial count to increase indicates capillary sclerosis.® 


PROCEDURE 


These tests were conducted on a wide variety of patients with ophthalmic disease, both with 
and without vascular components. One hundred consecutive patients, 50 with glaucoma and 


Fig. 1.—Capillary microscope as used for study of the fingernail beds and capillary distribution 
in the forearm. 


50 controls, who fell under the criteria established were studied. The influence of other diseases 
on capillary function necessitated the use of strict criteria for the selection of patients. 

Only white persons free of sun tan could be used, because even small amounts of skin pig- 
mentation interfere with the visualization of capillaries. Physical examination and_ blood- 
pressure readings on admission and at the time of study were made to eliminate hypertensive 
subjects. Patients with any history or physical signs of cardiac disease or decompensation were 
excluded. Diabetic patients, who have notoriously poor capillary function, were eliminated on 
the basis of the history, urinalysis, and fasting blood sugar determinations. Syphilitic persons 
were screened out on the basis of Kahn and Wassermann examinations of the blood in each 
case. Any patient suspected of renal disease was rejected on the grounds of the history and 


9. Griffith, J. Q., Jr., and Lindauer, M. A.: The Medical Treatment of Hypertension, 
Clinics 5:82-95, 1946. 
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routine urinalysis. All patients were screened for peripheral vascular diseases, such as Buerger’s 
(thromboangiitis obliterans) or Raynaud's, and no patient was included who manifested a 
pathologic condition of the eyes on even a questionably vascular basis. Patients with such 
disorders as retinal vascular accidents, intraocular hemorrhages, angiospastic retinopathies, 
disciform degenerations of the macula and Eales’s disease were excluded. 

Furthermore, age distribution in the control group was maintained at approximately the 
same level as that in the glaucoma group. Sex distribution was about the same in the two 
groups: The control group numbered 32 males and 18 females; the glaucoma group, 24 males and 
26 females. 

The criteria for selection of subjects were as follows: 

1. Only white persons without sun tan were used in the study. 

2. No patient with hypertension, cardiac disease, diabetes, syphilis, renal disease, peripheral 
vascular disease, or known vascular disease of the eye was included. 

3. The age and sex distributions were the same in the glaucoma and in the control groups. 

These criteria exclude a major portion of the primary-glaucoma population in any clinic 
largely because the disease is common in Negroes and because vascular hypertension 
is commonly concurrent. Controls were selected from hospitalized ophthalmic patients, largely 
those admitted for cataract surgery. In every case the diagnosis of primary glaucoma was 
made on the basis of increased intraocular tension (Schigtz), visual-field defects of the glau- 
comatous type, clinical findings consistent with glaucoma, and the absence of known factors 
responsible for secondary glaucoma, e. g., swollen lens, dislocated lens, uveitis, trauma, retinal 
detachment, essential atrophy of the iris, and tumors. Low-tension glaucoma, pseudoglaucoma, 
and congenital glaucoma were excluded. 

RESULTS 

1. There is no increase in capillary fragility in any patient. This function appears 
unrelated to primary glaucoma when patients are selected who do not have the fre- 
quently associated disorders of hypertension or diabetes. 

2. Morphologic study of the capillary loops in the fingernail beds failed to show 
any identifiable pattern in relation to primary glaucoma. This observation confirms 
earlier, unpublished studies of Dr. Wilfred E. Fry and Dr. J. Q. Griffith Jr.*° 

3. Data on cutaneous lymph flow in the glaucoma patients revealed a much 
greater scatter, and the average flow, expressed in eighths of an inch (5.12, with 
a standard deviation of 2.04), was also greater than in the control patients (average 
of 3.38, with a standard deviation of 1.27). The actual difference between these 
arithmetic means (5.12 — 3.38) is 1.76, and the standard error of the difference 
of the means is 0.337. This standard error is considerably less than one-third the 
actual difference; hence this difference is statistically significant (Fig. 2). Separa- 
tion of the glaucoma patients into those with acute (13) and those with chronic 
disease (34)'' showed no difference in the age distribution of these subgroups, but 
revealed a tendency to less lymph flow in the acute group (arithmetic mean, 4.84) 
than in the chronic group (arithmetic mean, 5.53). Further breakdown of the 
data for the 50 glaucoma patients revealed 25 with glaucomatous changes in one or 
both optic nerve heads and 7 with no glaucomatous change in either disk. (The 
remaining 18 patients had one normal disk, but the second could not be seen; 
therefore these subjects were dropped from the breakdown.) In the group of 25 
with glaucomatous disks, the average lymph flow was 5.7 and the median flow 
was 6.0; this is considerably greater than the average lymph flow of 4.3 (median, 


10. Personal communication from Dr. Wilfred E. Fry, Philadelphia. 
11. Three of the 50 glaucoma patients were in a prolonged subacute phase of the disease, not 
well defined as either acute or chronic, and so were dropped from this particular breakdown. 
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3.0) for the small group of seven patients with normal disks or the average flow 
of 3.38 for the control group. Again, this difference is statistically significant 
(Fig. 3). 

These findings suggest that patients with chronic glaucoma, particularly those 
with changes in the nerve head, frequently have a capillary fault permitting 


PRIMARY GLAUCOMA 


ACUTE 
CHRONIC 


CONTROL CASES 


NUMBER 


IN. I" 2" 
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Fig. 2—Cutaneous lymph flow in patients with acute and chronic primary glaucoma and in 
controls. 
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Fig. 3—Average cutaneous lymph flow in various groups, expressed in eighths of an inch. 


increased filtration. This change may be a pathologic mechanism in chronic simple 
glaucoma accounting for both the increase in pressure and the atrophy of the 
optic nerve. 

4. Capillary counts on the midvolar aspect of the forearm showed the same dis- 
tribution in glaucoma and in control patients. The increase in capillary counts after 
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intradermal injection of histamine, however, tended to be less in the glaucoma than 
in the control patients, indicating a sclerotic or an immobile element in the capil- 
lary bed. In the glaucoma series, more patients (16) fell below the expected normal 
increase in capillary count than did those in the control series (9). The fre- 
quency distribution of capillary increase for glaucoma patients, as seen in Figure 4, 
shows a left-skewed distribution of such extent that the modal value is zero, 
whereas the modal value for the control group is 3.8. The frequency distribution 
in the control group fell roughly within a Gaussian pattern. 


CONCLUSIONS 


An investigative survey of capillary mechanisms was conducted in a series of 
100 white ophthalmic patients who were free of hypertension, diabetes, syphilis, car- 
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Fig. 4.—Increase in capillary count after injection of histamine. 


diac disease, renal disease, peripheral vascular disease, and ocular disease of known 
or suspected vascular nature. Fifty of these patients had so-called primary glau- 
coma, and the other 50 constituted a control group of similar age and sex distribu- 
tion but without evidence of primary or secondary glaucoma. 


Capillary fragility and morphology showed no relation to primary glaucoma. 
Capillary filtration, as indicated by lymph-flow measurements, showed a wider 
scatter and a statistically significant greater average flow in glaucoma patients than 
in control patients. This difference is accentuated by breaking down the data for 
the glaucoma group according to the presence or absence of changes in the nerve 
head. Patients with glaucomatous disks show a distinctly greater average lymph 
flow than do the control patients. Capillary counts in the skin of the forearm show 
the same distribution in the glaucoma and in the control group, but the increase in 
number of functioning capillaries after injection of histamine tends to be less in the 
glaucoma patients. 


} 
\ 
| 
NORMAL 
| CONTROL CASES 
8 = = 
a 
; 


KEENEY-LEOPOLD—CAPILLARY MECHANISMS IN) GLAUCOMA 727 


Present tests of capillary function are not sufficiently specific to single out per- 
sons with demonstrable faults in the skin capillaries and to establish the particular 
etiologic factor in their glaucoma on the basis of a capillary pathologic process. 
Rather, these studies reveal certain capillary aberrations among glaucoma patients 
which may lead to a better understanding of the pathogenesis involved. They 
further suggest, in similarity to the problem of epidemic dropsy, in which glaucoma 
is one feature of a generalized disease due to capillary defects, that other generalized 
capillary faults may be responsible for another segment of cases which for the time 
being are lumped together under the head of primary glaucoma. 


Salient histologic differences exist in capillaries of various parts of the body, 
but this survey indicates that certain irregularities of skin-capillary function, par- 
ticularly filtration and mobilization, are seen oftener in patients with the ocular dis- 
ability of primary glaucoma. These capillary faults may be a causative factor in 
some cases of primary glaucoma. 


1103 Heyburn Bldg. (2). 
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CYTOLOGY OF ALLERGIC CONJUNCTIVITIS 


S. ALBERT HANSER, M.D. 
WILLIAM A. MOOR, A.B. 
AND 
ARTHUR W. STICKLE, M.D. 
ST. LOUIS 


N ANALYSIS of our findings in the examination of 572 conjunctival smears 

is presented, with an outline of the method used in obtaining the material. 

The patients for this study were under treatment for chronic conjunctivitis in 
various eye clinics in St. Louis and St. Louis County and in several private offices 
in this area. 

In each case a complete allergic history was taken. Cutaneous and conjunctival 
tests for possible allergens were made, along with pertinent bacteriological pro- 
cedures. Slit-lamp examinations of the cornea and conjunctiva were carried out. 
Patients were selected for whom no specific causative agent was found and the 
conjunctival smear showed a high eosinophilic count. 


CONJUNCTIVAL SCRAPE SMEAR 

The conjunctival scrape smear can be of considerable value if it is properly made 
and interpreted. The use for diagnosis of a smear of secretory material gathered 
aiter sleep (especially if this material is obtained by the patient) is to be condemned 
for several reasons: 

1. Almost invariably the smear is too thick for single-cell examination. 

2. Lysozyme present in the ocular secretion causes lysis of many bacteria which 
can be seen when other methods are used. 

3. Degeneration of cells occurs in the overnight period and may proceed so far 
that the staining characteristics of the cells will be destroyed or distorted. 

4. Debris and other artifacts are more likely to be present and may confuse the 
picture. 

5. In a case of allergic conjunctivitis the allergen may sometimes be seen in a 
fresh conjunctival smear, but in the overnight specimen there is no way to dis- 
tinguish artifacts from allergens. 

6. If the patient is responsible for handling the slide, foreign matter may become 


incorporated with the secretion, resulting in an inaccurate, and possibly harmful, 
conclusion. 


7. The purpose of examination of the smear is to determine the proportion and 
distribution of major cell types in the conjunctiva. Discharge material does not give 


From the Department of Ophthalmology, Washington University School of Medicine, and 
the Oscar Johnson Institute. 
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an accurate picture of cell types as found in the conjunctiva. Determination of the 
presence or absence of eosinophiles is the only function served by the examination 
of discharge material. The percentages of eosinophiles and of other cells, together 
with the rise and fall in respective percentages in the course of the disease, cannot 
be determined. 

METHOD OF PREPARING SLIDES 


The best smear we have been able to obtain for ophthalmological purposes is the scrape 
smear. A satisfactory scraper is not commercially available but is easily “home-made.” It 
consists of a piece of platinum or nicochrome wire (No. 15 Stubs’ Steel gauge) about 3 in. 
(7.5 cm.) long. The distal % in. (1.27 cm.) of this wire is carefully and gently hammered to a 
spade-shaped feather edge about 34 in. (0.98 cm.) wide. This feather edge is filed to a very 
flat curve, almost straight, and smoothed carefully; when properly made, the edge may be 
drawn over a sensitive conjunctival surface with enough pressure to indent its own thickness 
with no feeling of sharpness. The proximal end is mounted in any convenient metal handle 
(a piece of aluminum rod is ideal) and is then ready for use. Resmoothing of the feather 
edge must be done just prior to flame sterilization each time the scraper is used. This smoothing 
is most easily done by drawing the instrument over any convenient glass surface two or three 
times while pressing the edge down under the ball of a finger. The feather edge is a safety 
measure for the patient; a twitch of the head or of the eyelid will cause the edge to roll back 
upon itself instead of piercing the conjunctiva. It is customary to anesthetize the conjunctiva 
before taking scrape smears, but with the scraper made as described there is so little irritation 
that anesthesia is not necessary in most cases. The only feeling the patient has after the pro- 
cedure is one of slight grittiness, which disappears very quickly. Another advantage of this 
type of scraper is that the surface of the conjunctiva is never penetrated deeply enough to 
cause bleeding, which might complicate the picture. 

The technique of using the scraper described is simple. The scraper is flame-sterilized just 
prior to use; this cleans the metal well enough for cells to cling to it firmly. An assistant 
everts both the upper and the lower lid, bringing the everted margins together. This apposition 
of lid margins serves to protect the cornea, as well as to expose the maximum conjunctival 
surface. The scraper is drawn over the conjunctival surface with just enough pressure to indent 
it slightly. Each lid is scraped three times, only one side of the scraper being used for each lid. 
This procedure will supply enough material to give good cellular distribution to two slides, 
possibly more. The material is transferred to grease-free glass slides by drawing the scraper 
blade over one-half to two-thirds of the slide surface, one slide being used for each lid. Usually, 
not much is gained by examining the material from each lid separately, but at times it may be 
desirable, and it has seemed a good habit to observe. 

After the slides are smeared, they must be promptly stained. We observe a time limit of two 
hours from obtaining the material to staining. All of the polychrome stains on the market are 
good; however, for convenience and economy, possibly the best is the soloid® tablet stain 
(Burroughs Wellcome & Company, Inc.). This is a Wright modification of the Romanowsky 
stain, and each soloid® tablet makes 10 ml. of staining solution. By keeping the stain in a dry 
form, one may have fresh stain whenever desired and obtain constancy in staining reactions as a 
result. We have also had excellent staining results with the use of Hansel’s stain.1 


EXAMINATION OF SLIDES 


The first examination of the stained slide is always made with the low-power lens of the 
microscope (100 to 150 diameters). At this magnification, the proportion of eosinophiles to the 
number of total cells is counted and the percentage recorded. At the same time that this count 
is being made other cell types are recorded. They may be examined immediately, or their 
approximate position may be remembered for later study. The primary examination should not 
take more than two to three minutes for each properly prepared slide. Percentage figures are 
desirable, as it is much easier to compare percentages than arbitrary systems of plus marks 


1. Available from Allied Laboratories, Inc., 634 N. Grand Blvd. St. Louis (3). 
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when later serial observations are made. The higher-power lenses of the microscope are utilized 
in determining the presence of bacteria, peculiarities in individual cells, and other information 
that may be of value. 

It must be mentioned that Wright's stain is not a good bacterial stain, but it serves to 
determine the shape and grouping (chains, clumps, packets) of any organisms that may be 
found and to determine factual habitat, whether intracellular or extracellular, as well as any 
other gross characteristics that may be present. 


Correlation of eosinophile percentages and clinical findings may be of interest. 


Percentage of 
Eosinophiles Nature of Symptoms 
None (with recovery from an attack; visible signs only) 
Gradually increasing severity 


After an attack, the eosinophile percentage will at times decrease more rapidly 
than the abatement of visible signs; conversely, at times during an attack, signs 
occur more rapidly than the increase in the eosinophile percentage. The lag is not 
predictable or constant, even in the same patient. Because of this fact, a single scrape 
smear may not be of much value by itself and should be part of a series following 
the patient's progress through his treatment. 

Along with the eosinophile count, it will be found that patients having an infec- 
tious condition will frequently have an increase of cells of the polymorphonuclear 
type. The presence of a percentage increase and decrease of the polymorphonuclear 
cells in parallel (roughly) with the curve for the eosinophiles indicates that the 
allergy may be bacterial ; however, too much stress should not be laid on this finding, 
as frequently a secondary infection follows the primary allergic attack. If more 
than 1% of cells of the polymorphonuclear type is seen, an infection should be 
suspected ; if not already present, it may appear within a relatively short time. 

While one is using the high-power lens of the microscope in looking for bacteria, 
the epithelial cells should be examined for the possible presence of inclusions. The 
, finding of inclusions in the absence of symptoms is extremely rare but has occurred 
frequently enough to warrant inspecting the cells for them. 


With a properly made scrape smear, no erythrocytes should ever be seen on the 
slide. If they are present, the conjunctiva should be examined to determine the 

F reason for their presence. 

1 While one is counting cells under low-power magnification and examining cells 
with high power, watch should be kept for material that might represent the allergen 
or irritant substance. Frequently, the irritant is accompanied by an insoluble sub- 
stance, which may be seen on the slide. Such substances are tale or insoluble starch 
fragments, which can nearly always be seen when the offending material is face 

powder, or the hair scales that can usually be picked up on a slide when an allergic 

attack from sensitivity to animal hair is in progress. 


EVALUATION OF 


TREATMENT 


The patients in this series had an average of 3 to 10% eosinophiles on scrape 
smears. The medicaments used and the results of treatment are presented, and the 
data are tabulated (Table). 


Benzalkonium (Zephiran®) Hydrochloride—Ten patients were placed under treatment with 
aqueous solution of benzalkonium hydrochloride, 1: 5,000, with 1 drachm (4 cc.) of a 1: 1,000 
aqueous solution of epinephrine hydrochloride added to the % oz. (15 cc.) every four hours. 
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After use of this local antiseptic with epinephrine for 48 hours, conjunctival scrape smears were 
taken, and it was found that in 8 of 10 patients the eosinophile counts had been reduced more 
than 50%. In one patient the count was reduced only 20%, and in another there was no 
change. These patients had very little change in their symptoms. 

Nitromersol N. F. (Metaphen®)—Ten patients were placed under treatment with aqueous 
solution of nitromersol, 1: 5,000, with 1 drachm of a 1: 1,000 aqueous solution of epinephrine 
hydrochloride added to the “% oz. every four hours. After use of this local antiseptic with 
epinephrine for 48 hours, conjunctival smears showed that in 7 of 10 patients the eosinophile 
counts had been reduced more than 50%. One patient had a reduction of only 20%, and two 
patients showed no change. Only one patient stated that her symptoms were improved; the 
others reported no change. 


Methods of Treatment and Results 


Eosinophile Count, % Symptoms* 
Materials Patients Before After Before 
Benzalkonium (1:5,000) with epinephrine locally 

QVOTY 10 - +++4+4+ ++4+4++ 
Nitromersol (1:5,000) with epinephrine locally 

Antazoline, ophthalmie solution, 0.5%, locally 

Methapyrilene, ophthalmic solution, 0.5%, lo- 

Tripelennamine, ophthalmie solution, 0.5%, lo- 

me. Ww 3- 3- +++44 ++4+4+ 
Diphenhydramine, 50 mg. ‘ 1 ++++4+ ++++ 
Chiortrimeton,® 4 mg. t.i.d. 10 
Dust extract (1:1,000,000), 0.2 ce. subcutaneously 

Combined dust and mold extracts (1:1,000,000 | 

dilution each), 0.2 ce. subeutaneously 5 x at 

5-day intervals 3- 9 2- ++4++++4+ 
Staphylococeus toxoid, dilution No. 

cutaneously, 5 « at 5-day intervals 

0.2 ce. 

O4 

0.6 ce. 
Cortisone 

6.25 mg./ee., as drops every 2 hr. 

3.125 mg./ce., as drops every 2 hr. ....... Ww 
1.5 mg./ce., as drops every 2 hr. ......... 10 
6.25 mg./ec., as drops every 4 hr. ........ Ww 
3.1 


After 


tone 


+4++4++ 
+4444 


++++4++ 
++4+4++ 
+++++ 
+++++ 
t++++4+ 
+4++4++4+ 


+++++ 


++ It 
+ 


.125 mg./ee., as drops every 4 hr. ....... 10 
10 
35 mg. t.id. intramuscularly 10 


Corticotropin, 25 mg. q.id. intramuscularly... 4 


+ 


+ 


* The number of plus signs indicates the severity of symptoms. 


Antazoline (Antistine®) Hydrochloride—Ten patients were placed under treatment with a 
0.5% aqueous solution of antazoline hydrochloride applied locally every 4 hours for 48 hours. 
In all these patients there was a greater than 60% decrease in the eosinophile count of the 
conjunctival scrape smears after 48 hours of treatment. Four of the 10 patients stated that their 
condition was improved; the others reported no change. 

Methapyrilene (Histadyl®) Hydrochloride—Ten patients were placed under treatment with 
a 0.5% aqueous solution of methapyrilene hydrochloride applied locally every 4 hours for 48 
hours. In all these patients there was a greater than 50% decrease in the eosinophile count of 
the conjunctival scrape smear after 48 hours of treatment. Three of the 10 patients stated that 
their condition was improved; the others reported no change. 

Tripelennamine (Pyribenzamine®) Hydrochloride—Dose, 0.5% Aqueous Solution: Ten 
patients were placed under treatment with a 0.5% aqueous solution of tripelennamine hydro- 
chloride applied locally every 6 hours for 48 hours. In all these patients there was greater 
than a 50% decrease in the eosinophile count of the conjunctival scrape smear after 48 hours 
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of treatment. Four of the 10 patients stated that their symptoms were improved; the others 
reported no change. 


Dose, 50 Mg.: Ten patients were given 50 mg. of tripelennamine hydrochloride by mouth 
three times a day and received isotonic sodium chloride solution as local medication in their 
eyes. In only 2 of the 10 patients was there a reduction of more than 20% in the eosinophile 
count of the conjunctival scrape smears after 48 hours of treatment. 

Diphenhydramine (Benadryl®) Hydrochloride—Ten patients were given 50 mg. of diphen- 
hydramine hydrochloride by mouth three times a day and received isotonic sodium chloride 
solution as local medication in their eyes. Only one smear showed a reduction in the eosino- 
phile count, although 3 of the 10 patients stated that they were subjectively improved. 

Chlorprophenpyridamine (Chlor-Trimeton®) Maleate—Ten patients were given 4 mg. of 
chlorprophenpyridamine maleate by mouth three times a day and received isotonic sodium 
chloride solution as local medication in their eyes. Only two smears showed a reduction in the 

~ eosinophile count, although 4 of the 10 patients stated that they were subjectively improved. 

Dust——Ten patients were treated with subcutaneous dust-extract injections, 0.2 cc. of a 
1: 1,000,000 dilution, at five-day intervals for five injections and received isotonic sodium 
chloride solution as local medication in their eyes. Five of the patients stated that their symp- 
toms had improved, and six of the conjunctival slides showed a reduction in the eosinophile 
count of greater than 50%. 

Dust and Mold.—Ten patients were treated with injections of dust and mold extracts, 0.1 cc. 
of a 1: 1,000,000 dilution of dust extract and 0.1 cc. of a 1: 1,000,000 dilution of mold extract 
(Fapp), and received isotonic sodium chloride solution as local medication in their eyes. Four 
of the patients stated that their symptoms had improved, and six of the conjunctival slides 
showed greater than 50% reduction in the eosinophile count. 


POP 


Staphylococcus Toxoid—Dose, 0.2 cc.: Ten patients were treated with staphylococcus toxoid, 
0.2 ce. dilution No. 11 at five-day intervals for five injections, and received isotonic sodium 
chloride solution as local medication in their eyes. Seven of the patients stated that their symp- 
toms had improved, and six of the conjunctival slides showed a reduction of 60% in the 

eosinophile count. 


Dose, 0.4 Ce.: Ten patients were treated with staphylococcus toxoid, 0.4 cc. of dilution No. 1 

| at five-day intervals for five injections, and received isotonic sodium chloride solution as local 
medication in their eyes. Five of the patients stated that they were subjectively improved, but 
six of the conjunctival slides showed a reduction of 45 to 60% in the eosinophile count. See 
chart. 


: Dose, 0.6 Cc.: Ten patients were treated with staphylococcus toxoid, 0.6 cc. of dilution 
No. | at five-day intervals for five injections, and received isotonic sodium chloride solution as 
local medication in their eyes. Six of the patients stated that they were subjectively improved; 

4 but four of the conjunctival slides showed a reduction of greater than 60% in the eosinophile 
count, and four showed a reduction of 30% or more in the eosinophile count. 

Cortisone, Administered Locally—Dosage, 6.25 Mg./Cc./2 Hr.: Ten patients used an 
aqueous solution of cortisone acetate (6.25 mg. per cubic centimeter) locally in their eyes every 
two hours. Eight of the 10 patients stated that they were subjectively improved, and all the 
slides showed greater than 50% reduction in the eosinophile count. 


Dosage, 3.125 Mg./Cc./2 Hr.: Ten patients used an aqueous solution of cortisone acetate 
(3.125 mg. per cubic centimeter) locally in their eyes every two hours. Seven of the 10 patients 
stated that they were subjectively improved, and all the slides showed a reduction of more than 
50% in the eosinophile count. 


Dosage, 1.5 Mg./Cc./2 Hr.: Ten patients used an aqueous solution of cortisone acetate 
(1.5 mg. per cubic centimeter) locally in their eyes every two hours. Five of the 10 patients 
stated that they were subjectively improved, and 8 of the conjunctival slides showed a reduction 
of greater than 50% in the eosinophile count. 


1. Dilution No. 1 (Lederle Laboratories Division) contains per cubic centimeter the toxoid 
derived from 100 necrotizing doses of toxin of Staphylococcus albus and Staphylococcus aureus. 
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Dosage, 6.25 Mg./Cc./4 Hr.: Ten patients used an aqueous solution of cortisone acetate 
(6.25 mg. per cubic centimeter) locally in their eyes every four hours. Nine of the 10 patients 
stated that they were subjectively improved, and all conjunctival slides showed a considerable 
reduction in the eosinophile count. 

Dosage, 3.125 Mg./Cc./4 Hr.: Ten patients used an aqueous solution of cortisone acetate 
(3.125 mg. per cubic centimeter) locally in their eyes every four hours. Eight of the 10 patients 
stated that they were subjectively improved, and all conjunctival slides showed a reduction of 
greater than 50% in the eosinophile count. 

Cortisone, Given Orally.—Ten patients were given 25 mg. of cortisone acetate by mouth four 
times a day for five days. Eight of the 10 patients stated that they were subjectively improved, 
and all conjunctival slides showed a reduction of 50% or more in the eosinophile count. 

Cortisone, Injected Intramuscularly—Ten patients were given 35 mg. of cortisone acetate 
by intramuscular injection every 4 hours for 48 hours. All the patients stated that they were 
subjectively improved, and all conjunctival slides showed a reduction in the eosinophile count 
of more than 80%. 

Corticotropin, Injected Intramuscularly.—Four patients were given 25 mg. of corticotropin by 
intramuscular injection every 4 hours for 48 hours, and conjunctival slides were taken at four- 
hour intervals. After the 12th hour, all conjunctival slides showed a reduction of more than 40% 
in the eosinophile count. There was no subjective improvement at this time. 


CONCLUSIONS 

1. In chronic allergic conjunctivitis, cortisone used locally in the eye as drops 

or given systemically produced a greater decrease in the eosinophile count on scrape 

smears from the conjunctiva and gave better subjective improvement than other 
therapeutic agents used. 


2. Staphylococcus toxoid given hypodermically was the next most effective agent * 


in producing a decrease in the eosinophile count on conjunctival scrape smears. 
924 Arcade Bldg. (1). ~ 
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POSSIBLE MALIGNANT MELANOMA OF CHOROID 
Pathologic Study of a Minute Tumor Discovered in an Enucleated Phthisical Eye 


J. ARNOLD deVEER, M.D. 
BROOKLYN 


T IS AXIOMATIC that the retention of a sightless eye in adult life, especially 
one in which the interior structures cannot be visualized, is a hazard because of 
: the possibility of the development of malignant melanoma under circumstances that 
preclude its early detection. In the case to be discussed below, a small pigmented 
choroidal tumor was discovered by chance in an enucleated phthisical eye. The 
growth was in close relation to a long ciliary nerve. Pigment was so abundant that 
few details of strugture were visible, so that reduction of the pigmentation by bleach- 
ing was necessary. The cellular details so revealed suggested the advisability of 
discussion of the problem of establishing the benign or malignant nature of this 
particular lesion and of neoplasms in general. 

The presence of phthisis bulbi, which alone had been clinically apparent and 
which tended to mask the tumor on histologic examination, contributed collateral 
features of interest, which will be demonstrated. 


REPORT OF CASE 


| Clinical Data—R. A., a white woman, was first seen in 1949, at the age of 24, by Dr. 
' ' Rodolph M. Cutino, from whom I obtained the pertinent clinical data. Her left eye had been 
: blind since childhood as the result of a penetrating injury to the cornea by the point of a scissors. 
: Examination showed no light perception in that eye; there was acute hyphema, and the tension 
: was elevated. During the ensuing months the tension gradually diminished until the eye became 
i soft. On Oct. 9, 1950, the left eve was enucleated. No significant abnormalities were discovered 
a in the right eye. 
Pathologic Examination——Gross Appearance: The bulb was smaller than normal, measuring 
18 mm. in the average equatorial diameter and 19 mm. axially. It showed a type of deformity 
characteristic of phthisis bulbi, namely, the shape of a top as viewed from the side and a 
“squared” appearance when seen from the front. The specimen had been placed in Bouin’s 
solution for fixation, and the cornea had become somewhat opaque. Calottes were cut parallel 
to the horizontal meridian in such a way that the anterior chamber was entered both above 
and below. A funnel-shaped retinal detachment was apparent, and an albuminous coagulum 
was present in the postretinal space. The anterior chamber was deep. No other details were 
grossly visible. The eye was then embedded and sectioned in pyroxylin. 
Microscopic Appearance: Sections revealed the expected condition of phthisis bulbi. An 
old corneal scar was observed near the limbus. The anterior chamber was deep, as a result of 
recession of the iris. The angle tissue was scarred beyond recognition. A mass of adventitious 
tissue (cyclitic membrane) surrounded the lens, was in total contact with the posterior surface 


From the Departments of Pathology of the Brooklyn Hospital and the Brooklyn Eye and 
Ear Hospital. 
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of the iris, and united that structure with folds of detached retina. The choroid and ciliary 
body had been partially detached. Chronic uveitis of low grade was present, and granulomatous 
proliferations of foreign-body type were seen forming membranes that lined postretinal locules, 
into which there had been old and fairly recent hemorrhages. A variety of degenerative changes, 
mineralization, and bone formation completed the picture of phthisis bulbi (Fig. 1). Close to 
the equator there was a small area of dense pigmentation of the choroid. 


The Melanotic Tumor.—Of special interest was the pigmented area in the choroid, through 
which passed a long ciliary nerve. The tumor only partly surrounded the nerve for in some 
sections nerve structures could be followed past the limits of the mass (Fig. 2). The growth 
was considered to be either a nevus or a malignant melanoma arising from the nerve sheath, 
but the details of cell structure were so obscured by melanotic pigmentation that bleaching was 


Fig. 1—Horizontal meridional section of the entire bulb. A small black lesion in the choroid, 
indicated by an arrow, is one of the less conspicuous features of the picture. Detached retina 
and iris are united by a mass of adventitious tissue that surrounds the remains of the lens. 
The choroid and ciliary body are partially detached. Locules of the postretinal space contain 
hemorrhagic fluid, in which there are cholesterol clefts, and are bordered by nodular tissue 
structures. 


employed. The result was clear visualization of a spindle-cell tumor (Fig. 3). The tumor 
produced a slight thickening of the choroid, being somewhat fusiform. It extended from the 
lamina fusca to the choriocapillaris. The outer portion of the mass was entirely free of the usual 
choroidal vasculature, but toward its inner surface occasional small, thin-walled vessels persisted. 
The choriocapillaris could not be shown to be invaded by the tumor, although it was focally 
compressed. 

The lesion was composed of fairly uniform spindle-shaped cells of the general appearance 
of the spindle A type (Callender) of malignant melanoma. Occasional hyperchromatic nuclei 
and an occasional mitotic figure were present (Fig. 4). Nucleoli were inconspicuous in most 
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cells but were prominent in some. Close to the lumen of a small blood vessel a mitotic figure 
in the anaphase was seen, and although the cell could not be identified with certainty as a 
neoplastic cell, the finding suggested that tumor cells were infiltrating the vessel wall and 
that the growth was thereby manifesting a capacity for infiltrative growth (Fig. 5). 


_ Fig. 2—(a) Low-power photomicrograph showing a long ciliary nerve entering a densely 
pigmented patch in the choroid from the right. (b) Somewhat higher magnification, which fails 
to reveal any details of cellular structure of the pigmented tissue. The nerve is clearly shown 


on the right. A row of large driisen is seen protruding into a fluid-filled locule of the post- 
retinal space. 


COM MENT 


Origin of the Tumor—In tumors of large size, or those extending widely 
through the uvea, it is often impossible, except by serial sectioning, to recognize the 
site of origin, much less any direct evidence of the histogenesis of the growth. This 
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extremely small lesion lay wrapped around a long posterior ciliary nerve. Only 
the outermost portion of the nerve was free of a close relation to the tumor, a fact 
strongly suggesting origin of the tumor cells from the sheath of the nerve. Although 
serial sectioning was not possible, because the lesion was a chance discovery in 
completed microscopic preparations, sufficiently numerous sections were obtained 
to permit a fairly clear visualization of the relation of the tumor to the nerve. 
Without any attempt to present again the often-discussed histogenesis of melanotic 


Fig. 3—Lesion in the choroid after its melanotic pigmentation has been greatly reduced by 
bleaching. A spindle-cell tumor is seen to occupy the entire thickness of the choroid except the 
choriocapillaris, which for the most part remains intact. Many large driisen, covered by dis- 
ordered pigmented epithelium, protrude from the lamina vitrea. Bleaching was accomplished 
by the potassium permanganate-oxalic acid technique, after which the section was stained with 
hematoxylin and eosin. 


growths of the uvea, it can be stated that the findings are entirely in accord with 
those clearly demonstrated by Dvorak-Theobold,' and generally accepted as proving 


1. Dvorak-Theobald, G.: Neurogenic Origin of Choroidal Sarcoma, Arch. Ophth. 18:971 
(Dec.) 1937. 
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the origin from the Schwannian cells of at least some of the pigmented uveal 
tumors.* As in her cases, the nerve itself had not been invaded by the neoplasm. 
Bleaching of Pigmented Tumors.—Excessive pigmentation, as already alluded 
to, may preclude visualization of any of the tumor cells. Fortunately, thin sections 
usually show clearly the detailed cellular structure of at least part of the growth, so 
that bleaching is not necessary. In this instance pigmentation was heavy throughout 


& 


Fig. 4+.—Section showing an occasional mitotic figure in cells that were unquestionably tumor 
cells. (a) The arrow points to the faint margin of a plump, rounded cell in the anaphase. 
(b) A cell in the late metaphase is represented by two clusters of chromosomes. The arrow 
ogy to the achromatic spindle that connects the two groups of chromosomes. Oil-immersion 
ens 


2. Reese (Reese, A. B.: Tumors of the Eye, New York, Paul B. Hoeber Inc., 1951, p. 219) 
divides melanotic tumors of the uvea into two types—“‘Schwannian” and “stromal”—either of 
which may be benign or malignant. 


Kd 


deVEER—MALIGNANT MELANOMA OF CHOROID 739 


most of the lesion, and bleaching was considered advisable. The contrast between 
bleached and unbleached preparations was striking (Figs. 2 and 3). 

Bleaching has been effectively employed in studies of the histology of the eye 
(Salzmann * and others) and is doubtless in wide use among pathologists. Through- 
out the ophthalmologic literature, however, many illustrations of jet-black tumors 
are encountered, and one gains the impression that not all the tumors were adequately 
prepared for detailed cytologic examination by bleaching. In the case of the larger 
growths bleaching is seldom required, but a small lesion may contain no lightly 


Fig. 5.—The tumor, almost pigment-free after bleaching, showing slight variations in size and 
shape of cell nuclei and occasional hyperchromatic nuclei. Near the right-hand border (arrow) 
is a small blood vessel with a cell in the anaphase stage of mitotic division. Oil-immersion lens. 


pigmented or nonpigmented areas. In my opinion, it is indefensible for the pathol- 
ogist to render a diagnosis based only on the location and the size of a lesion. When 
it is indicated, bleaching is a valuable means of demonstrating cells previously 
obscured by granules of pigment. 


3. Salzmann, M.: Anatomy and Histology of the Human Eyeball in the Normal State, 
Its Development and Senescence, authorized translation by E. V. H. Brown, Chicago, University 
of Chicago Press, 1912. 
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Nature of the Tumor.—The lesion under consideration having been recognized 
as a pigmented Schwannian neoplasm, the more difficult problem of attempting to 
classify it as benign or malignant remained. I shall not review or restate the 
difficulties inherent in the differentiation of benign and malignant neoplasms in 
general except to reiterate the well-known fact that with tumors of almost every 
type, if they are arranged in series ranging from the most highly differentiated to 
the most anaplastic, it is impossible to tell, on the basis of cellular structure alone, 
where to draw the line of demarcation between the benign and the malignant 
members of the series. When a growth is still small and confined to its site of origin, 
and has not frankly evidenced ability to invade or metastasize, and especially when 
there has been no opportunity to obtain subjective or objective clinical data, a 
dogmatic diagnosis may be impossible. The clinician hopes for an unqualified 
diagnosis, and the pathologist will usually state his opinion; but such an opinion 
should not be offered or interpreted as gospel truth in the case of small localized 
tumors, which structurally may differ not one whit from larger, invasive or 
metastasizing growths. 

In the case under discussion, the tumor was of relatively well-differentiated 
type, still small and confined to the choroid. Its structure was identical with that 
seen in many large invasive malignant melanomas. In my opinion, the possibility 
of malignancy could not be excluded, nor could it be unequivocally established. The 
lesion was therefore reported as a “possible malignant melanoma,” with the thought 
that such a qualified diagnosis of malignancy is more apt to lead to careful follow-up 
observation than even a qualified diagnosis of “pigmented nevus.” 

Hazard of the Blind Phthisical Eye-—Ophthalmologists need not be reminded 
that in a blind eye with media that do not permit visualization of interior structures 
there may develop a malignant melanotic tumor that can go undetected until it is too 
late to effeet a cure. It should be noted that in nevi of the skin malignancy almost 
never develops prior to puberty; for that reason it has been recommended that, 
especially in certain cutaneous areas, these lesions be removed surgically during 
childhood (Allen*). In the eye, also, malignant melanomas are exceedingly rare 
prior to puberty. Wilder and Paul ° reported an incidence of less than 0.1% in the 
first decade of life, and of 0.5% in the second decade, in a series of 2,535 cases of 
malignant melanoma of the choroid and ciliary body. These authors noted that 
“the youngest patient suffering from typical malignant melanoma” was 11 years old. 
It would seem wise, therefore, to recommend that an eye that is hopelessly blind be 
removed, whenever possible, prior to puberty. 

Chronic Inflammation as an Etiologic Factor—Whether the tumor under con- 
sideration be regarded as a nevus or an early malignant melanoma, its discovery in a 
phthisical eye in association with active chronic uveitis raises the question of chronic 
inflammation as an etiologic factor in the neoplastic process. Duke-Elder * seems 


4. Allen, A. C.: A Reorientation of the Histogenesis and Clinical Significance of Cutaneous 
Nevi and Melanomas, Cancer 2:28, 1949. 

5. Wilder, H. C., and Paul, E. V.: Malignant Meianoma of the Choroid and Ciliary Body, 
Mil. Surgeon 109:370, 1951. 

6. Duke-Elder, W. S.: Text-Book of Ophthalmology, St. Louis, C. V. Mosby Company, 
1949, Vol. 3, p. 2480. 
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to accept the idea that prolonged inflammation may play a role in the development of 
malignant melanoma. Reese,’ in presenting his view that malignant melanomas 
arise from “pre-existing benign melanomas,” points out that “inflammation may play 
a role in precipitating the change from a benign to a malignant growth.” 


Fig. 6—A portion of the anterior surface of the lens covered by adherent atrophic iris. 
Beneath a convoluted lens capsule lies an anterior polar cataract, produced by proliferation of 
capsular epithelium. Along the right margin lies degenerating lens nucleus. At the bottom of 
the field a wedge-shaped defect represents the site of entrance of the point of a scissors into the 
lens, with laceration of the iris. 


Collateral Findings in the Eye—To avoid too wide digression from the major 
subject of this presentation, | shall make only brief mention of the findings charac- 
teristic of phthisis bulbi. Proliferative changes deserve special emphasis, since they 


7. Reese, A. B.: Tumors of the Eye, New York, Paul B. Hoeber, Inc., 1951, p. 222 
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may be the result of the same growth-stimulating influences as those that brought 
about the neoplastic growth of the Schwannian cells. 

Near the site of an old perforation of the lens capsule, cells of the capsular epi- 
thelium had undergone proliferation and secretion of intercellular hyaline substance, 
with the resulting formation of a capsular anterior polar cataract (Fig. 5). Pro- 


Fig. 7.—Cords and islands of pigmented cells produced by migration and proliferation of cells 
from the pigmented epithelial layer of the ciliary body into the vitreous body to form the prom- 
inent component of a cyclitic membrane. Along the right border of the mass a cavity (post- 
retinal) has become festooned with leucocytes and macrophages. Huge giant cells of foreign-body 
type have formed about cholesterol crystals and contain granules of hemosiderin and melanin. 


liferation and migration of the pigmented epithelium in the ciliary region had pro- 
duced prominent pigmented masses, which participated in the formation of a cyclitic 


membrane (Fig. 6). Other parts of the cyclitic membrane contained cords and 
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clusters of cells derived from the nonpigmented ciliary epithelium, which had 
migrated widely and proliferated rather abundantly. Proliferation of mesodermal 
elements was also a striking feature and was responsible for widespread fibrosis and 
distortion of the original architecture, as well as the formation of granulomatous 
masses. It is evident, then, that many tissues in the eye had been stimulated to 


Fig. 8—Components of the cyclitic membrane contributed by proliferation and migration of 
the nonpigmented ciliary epithelium. These cells have produced the curlicues near the center 
of the field. The more solid mass to the right is part of the detached fibrotic and gliotic retina. 
In the left lower corner is a calcified and hyalinized portion of the lens. 


hyperplasia, whereas focally the cells of the sheath of Schwann had undergone neo- 
plastic proliferation. These are closely related processes, which under many 
circumstances are difficult, or even impossible, of differentiation. 
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SUM MARY 


A small, heavily pigmented tumor of the choroid was encountered by chance in 
an enucleated phthisical eye of a woman aged 25. 

Excessive pigmentation necessitated bleaching of the sections before structural 
details could be made out. 

Intimate association of the tumor with a long posterior ciliary nerve strongly 
suggested origin of the growth from cells of the sheath of Schwann. 

Although invasive growth could not be shown ana he cells were not of highly 
anaplastic type, the possibility of malignancy could not be excluded. The cellular 
structure was identical with that of many obviously malignant growths, but lack 
of conclusive evidence precluded an unequivocal diagnosis of malignancy. The 
lesion was therefore reported as a “possible early malignant melanoma.” In the 
uvea, as in many other tissues throughout the body, it is sometimes impossible to tell 
with certainty whether a small lesion is a benign tumor or is a malignant tumor in a 
preinvasive stage. In my opinion, in such instances the pathologist should not ren- 
der an unqualified diagnosis. The terminology employed should clearly indicate any 
uncertainty that prevents a positive diagnosis. 

Chronic inflammation of long standing had produced hyperplasia of many of 
the ocular tissues and may also have played a role in the development of the neo- 
plastic lesion. 

It has been widely acknowledged that hopelessly blind eyes should be removed, 
among other reasons, to prevent the development of malignant melanoma. It is 
suggested that when such eyes are encountered in childhood, enucleation be accom- 


plished prior to puberty, since malignant melanoma of the uvea, like that of the skin, 
is almost unknown before adolescence. 


121 DeKalb Ave. (1). 
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RELATIONSHIP BETWEEN ACCOMMODATION AND CONVERGENCE 


M. W. MORGAN Jr., Ph.D. 
BERKELEY, CALIF. 


NE OF the earliest investigations of the relationship between accommodation 

and convergence was that of Donders, who wrote: “The state of accommoda- 
tion of the eyes corresponds to a definite convergence of the visual lines.”' He 
taught, however, that this “connection is not absolute and casual,” but “that there is 
a certain degree of independence.” One of Donders’ pupils, Landolt,? indicated even 
more forcibly the supposed independence of the two functions, as conceived by 
Donders : 


The fact that we can see, distirictly and simultaneously, with both eyes an object situated at 
an invariable distance, in spite of glasses which necessitate a change in accommodation, is proof 
positive that the relation between the latter and convergence is not absolute; and in fact, equally 
easy to demonstrate, that such glasses cannot exceed certain degrees, proves that the inde- 
pendence of the two functions exists only within certain limits. 


Donders coined the term “relative” to describe the amount of each function free from 
the other; thus, relative accommodation is the amount of accommodation free 
from convergence, while relative convergence is the amount of convergence free 
from accommodation. 

Not long after this Maddox * pointed out that convergence js not a simple func- 
tion, as is accommodation, but that it seems to be made up of different elements. 
He wrote: 


Strictly speaking, there are four elements of convergence though the first and third are 
perhaps closely related. The four are: (1) Tonic; (2) Accommodative; (3) Convergence due 
to “knowledge of nearness,” or in other words, “Voluntary convergence,” for we cannot, without 
special practice, converge the eyes voluntarily, under ordinary conditions, without doing so by 
thinking of a near object; (4) Fusion convergence . . . . Of these four elements I have 
included the second and third under the name of “accommodative-convergence” to simplify prac- 
tical work. . 

The efforts of convergence and accommodation are intimately intersusceptible, so that the 
slightest impulse to either makes a difference in the other, albeit the difference is not necessarily 
equal in amount.© . . . In ordinary binocular vision there is a perfect concert between 
accommodation and convergence, so that the two visual axes meet exactly at whatever point 
is accommodated for.® 


1. Donders, F. C.: Accommodation and Refraction of the Eye, London, The Sydenham 
Society, 1864, p. 110. 

2. Landolt, E.: Refraction and Accommodation of the Eye, Edinburgh, Yeung J. Pentland, 
1886, p. 199. 

3. Maddox, E. C.: Clinical Use of Prisms, and the Decentering of Lenses, Ed. 2, Bristol, 
John Wright & Co., 1893. 

4. Maddox,* p. 106. 

5. Maddox,’ p. 83. 

6. Maddox,* p. 86. 
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Maddox believed that the “anatomical position of the eyes” was one of diver- 
gence. “It is this position of the visual axes, to which they are brought by tonic 
convergence, that is noticed when we use von Graefe’s distant equilibrium test.”’ 
In other words, tonic convergence brings the eyes from some unknown position to 
the position they occupy as disclosed by the heterophoria test with fixation at 
6 meters. 


In near vision there is an intermediate grade of convergence—the accommodative. If one 
eye be occluded by the hand while vision is directed, first to a distant object, and then to a near 
one, the occluded eye deviates inwards under the hand from an impulse to convergence, which is 
due chiefly to sympathy with accommodation, but also to the habit of converging when attention 
is directed to a near object. . . . The second grade of convergence is therefore added on to 
the first or tonic grade, and its amount depends, of course, on the amount of accommodation in 
exercise. As a rule, each dioptre of accommodation is accompanied by about three-quarters of a 
metre-angle of associated convergence, so that in a typical emmetrope, the 4 D of accommodation 
in exercise for vision at a quarter of a metre, are accompanied by 3 m.a. of convergence, leaving 
a deficit of 1 m.a. to be made up reflexly. 

Whatever paralyses the ciliary muscle locally, such as, weak atropine drops, renders the 
ciliary muscle less responsive to its motor impulses, thereby increasing the effort of accommo- 
dation, and with it the associated convergence. . . . To observe the effect of eserine, which, 
in weak solution, renders the ciliary muscle more excitable to stimulation without producing 
spasm or myopia, | placed gr. 1/4000 within each lower lid. This allowed me to retain full distant 
vision, but increased my fusion supplement at 10 inches, from one to two metre angles. The effect 
on tonic convergence, shewn by the distant equilibrium, was practically nil. This experiment 
shews how truly convergence is affected, not by accommodation, but by accommodative effort, 
for accommodation is the same both with and without the eserine, but with it, the effort was 
less, and the impression on convergence reduced in consequence.* 


Maddox did not describe fusional convergence as succinctly as he did tonic and 
: accommodative convergence. He used the term “reflex convergence” as an equally 
descriptive term for this component of convergence. It is this portion which makes 
up any excess or deficiency of the other two, so that single binocular vision can be 
maintained. Thus, fusional convergence can be positive, in making up a deficiency, 
or negative, in reducing an excess. 

If the ideas of Maddox are correlated with those of Donders and Landolt, the 

conclusion seems warranted that the fusional, or reflex, convergence of Maddox is 
identical with the relative convergence of Donders and Landolt, while the other 
components advanced by Maddox are additional. 
Since the time of Maddox, nearly every possible viewpoint with regard to these 
factors has been taken. Cross,” for example, denied the existence of relative con- 
vergence. Bestor ’ interpreted his findings much as did Maddox: “There are 
excellent physiological reasons for relative convergence 
condition as relative accommodation.” 


. . there is no such 


A number of investigators have denied both relative convergence and accommo- 
dation. Among these, the most accurate, and by far the most impressive, are Ames 
and Gliddon."* As a result of their work, they came to this conclusion : 

7. Maddox,? p. 91. 

8. Maddox,? p. 94. 


9. Cross, A. J.: Dynamic Skiametry in Theory and Practice, New York, A. J. Cross 
Optical Co., 1911. 

10. Bestor, H. M.: Relationship Between Convergence and Accommodation, Am. J. Physiol. 
Optics 4:228, 1923. - 


11. Ames, A., and Gliddon, G.: Ocular Measurements, Tr. Sect. Ophth. A. M. A. 26:102, 
1928. 
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The relation between the accommodative condition and the vergence condition is definite and 
fixed. 1. The vergence of the eyes is changed by changing the accommodative condition. 2. The 
accommodative condition is changed by changing the vergence. 3. There is no relative accommo- 
dation. 4. There is no relative convergence. 


The chief evidence advanced by them in support of this idea is that fixation dis- 
parity is changed by any interference in the interplay of the two mechanisms. It 
should be pointed out, however, that fixation disparity is in itself evidence that some 
sort of elasticity is available for the maintenance of single binocular vision. 

Stevens,’ Roelofs,'* Grimm,'* and Maxwell,® while not denying any relationship 
between accommodation and convergence, did deny that there is any physiological 
connection between the two functions. They conceived it to be an association due to 
experience alone, a conditioned reflex of a sort. 

Fox '* claimed that there is no relationship at all between the two functions. 
“Our comment would be that they seem to indicate that accommodation has little 
to do with binocular fixation and binocular fusion.” Even more startling is the claim 
of Haessler,’* who stated that positive accommodation is related to negative relative 
convergence. 

The present-day beliefs concerning convergence are perhaps most clearly stated 
by Duke-Elder."* 

Convergence is of two types, involuntary and voluntary . . . . In normal circumstances 
it is a fusion movement that is constantly employed, for in so far as the usual position of rest is 
one of slight divergence, a moiety of convergence is required to maintain parallelism of the eyes 
in the primary position (tonic convergence). As the fixation object approaches the near-point 
convergence is increasingly employed synergically with accommodation, the stimulus for fusion 
adding considerably to its total amplitude. The extent of this reflex moiety is seen if fusion is 
abolished at the near-point by occluding one eye, whereupon the covered eye deviates outwards. 
The total excursion from the position of rest is therefore usually spoken of as consisting of three 
components—tonic convergence, accommodative convergence and fusional convergence 


Voluntary convergence, on the other hand, involves the volitional rotation of the eyes died 
wards. 


He goes on to discuss the possibilities of the origin of voluntary convergence, 
suggesting that in this case accommodation can be dissociated from convergence, 
since many persons can view stereoscopic pictures satisfactorily without resort to a 
stereoscope. 


. . . . Relative convergence is the amount that can be exerted or relaxed while the accom- 
modation is kept constant. Normally the relationship between the two is very elastic ; how elastic 


12. Stevens, G. T.: The Motor Apparatus of the Eyes, Philadelphia, F. A. Davis Company, 
1906. 


13. Roelofs, C. O.: Der Zusammenhang zwischen Akkommodation und Konvergenz, von 
Graefes Arch. Ophth. 85:66, 1913. 

14. Grimm, R.: Uber die Méglichkeit, binokular ungleich zu akkommodieren, und iiber das 
Wesen der Akkommodation, von Graefes Arch. Ophth. 131:127-138, 1933. 

15. Maxwell, J. T.: Muscle Balance Determinations at the Reading Distance, Arch. Ophth. 
26:98 (July) 1941. 

16. Fox, W. L.: Heterophoria, Am. J. Ophth. 8:110, 1933. 

17. Haessler, F. H.: A Factor in the Production of Divergence Increase with Near Vision, 
Tr. Am. Ophth. Soc. 32:229, 1934; Relationship of Heterophoria to Divergence and Convergence 
Based on Clinical Measurements, ibid. 35:149, 1937. 


18. Duke-Elder, W. S.: Textbook of Ophthalmology, Vol. 4, London, Henry Kimpton, 1949, 
p. 3982. 
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is seen experimentally in the high power of minus lenses or of adducting prisms which can be 
tolerated without the occurrence of diplopia or mistiness of vision.!* 

We have seen that the two synkinetic functions of accommodation and convergence are nor- 
mally closely interrelated. The relation between them, however, is elastic, and either can be 
exercised separately. Thus fixation upon and clear vision of a distant object may be maintained if 
weak convex or concave lenses are placed in front of the eyes, in which case an effort of accom- 
modation is made without convergence. Conversely if weak prisms are employed, convergence 
can be called upon without involving accommodation. When accommodation fails in age, con- 
vergence is retained, and when the ciliary muscle is paralysed by atropine, convergence is still 
possible. It is indeed fortunate that this is so, for a dissociation of the two is necessary in all 
forms of ametropia. The hypermetrope has to use his accommodation in excess of his con- 
vergence, and the myope his convergence in excess of his accommodation. The amount of dis- 
sociation which is possible is not, however, unlimited; it can be increased by practice, and it 
varies with different individuals and in the same individual at different times. The effort to 
dissociate the two may give rise to no trouble, while, on the other hand, it may be the cause of 
considerable distress ; indeed, the necessary amount of dissociation may on occasion be impossible 
of attainment, and since a clear image is usually of more immediate advantage than the retention 
of binocular vision, fusion may be discarded and one eye may be discarded and one eye may 
eventually deviate.?° 


There is possible explanation other than a dissociation of accommodation and 
convergence *' for the fact that subjects can see singly and clearly with lenses and 
prisms before their eyes. 

Maddox thought that the position of the eyes during binocular fixation of a near 
object was governed by tonic convergence, accommodative convergence, and fusional 
convergence. Fusional convergence could be either positive or negative, depending 
on whether or not the sum of tonic convergence and accommodative convergence 
is too small or too great for single binocular vision. Thus, it could well be that when 
convex lenses are placed before the eyes accommodative convergence is inhibited. 
Single binocular vision is then maintained because positive fusional convergence 
makes up the deficit resulting from the decrease in accommodative convergence. 
In a similar manner, when concave lenses are placed before the eyes, negative 
fusional convergence takes care of the excess convergence resulting from an increase 
in accommodative convergence. 

This distinction between a dissociation of accommodation and convergence and 
the use of fusional convergence is more than simply an academic question. If 
accommodation and convergence become dissociated and a new relationship is 
learned by the subject, then the accommodative-convergence relationship has little 
clinical importance. On the other hand, if the relationship is more or less rigid and 
any changes are compensated by the use of fusional convergence, the relationship 
between accommodation and convergence is extremely important from the clinical 
point of view. 

Fry ** and Morgan and Olmsted ** made accurate determinations of the changes 
induced in accommodation by changes in fusional convergence. The measurements 


19. Duke-Elder,!* p. 3984. 

20. Duke-Elder,!§ p. 4420. 

21. One which Duke-Elder would have seen if his discussion had been continuous, rather 
than separated by nearly 300 pages. 

22. Fry, G. A.: An Experimental Analysis of the Accommodation-Convergence Relation, 
Am. J. Optom. 14:402, 1937; Further Experiments on the Accommodation-Convergence Rela- 
tion, Tr. Am. Acad. Optom. 12:65, 1938. 

23. Morgan, M. W., Jr., and Olmsted, J. M. D.: Quantitative Measurements of Relative 
Accommodation and Relative Convergence, Proc. Soc. Exper. Biol. & Med. 41:303, 1939. 
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were made with the aid of a haploscope. Changes in accommodation were deter- 
mined by using an optometer utilizing vernier acuity rather than visual acuity. A 
typical result is shown in Chart 1. The fixation distance was 40 cm. It will be noted 
that only near the limits of fusional convergence is there any significant change in 
accommodation. It is also clear that the limits of fusional convergence for each level 
of accommodation are asymptotic to lines which are parallel to each other. 

The fact that it is only near the limits of fusional convergence that there is any 
change in accommodation means that relative convergence in the sense of Donders 
and Landolt is real. Convergence can be changed without changing accommodation. 
The fact that at the limits of fusional convergence there is a change in accommoda- 
tion means that relative convergence is limited. The parallelism of the limits of 
fusional convergence is significant. This probably means that exactly the same 
mechanism is involved when either the base-in or the base-out limit of relative 
convergence is reached. 

The haploscopic data thus indicate that there is true relative convergence in the 
strict sense, but that convergence can be altered beyond the limits of relative con- 
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BASE - IN BASE - OUT 
PRISM VERGENCES 

Chart 1—A semischematic diagram of the changes occurring in accommodation induced by 
adding base-out or base-in prisms before the eyes while the subject is fixating a target at 40 cm. 
The upper curve represents the results with a —1.00 D. sphere; the middle curve, the results 
with no lenses before the eyes, and the bottom curve, the results when the subject is looking 
through + 1.00 D. sphere. The vergence scale shown is on an absolute basis, with the zero 
position representing parallelism of the visual lines. 


vergence by the impulse to maintain fusion; however, beyond the limits of relative 
convergence fusion is maintained at the expense of clear vision. 

Several critical investigations of accommodative convergence have been made 
with the haploscope and clinical data. The most critical are those of Ames and 
Gliddon,* Emmes,** Hofstetter,?° Morgan,?* and Morgan and Peters.” The findings 


24. Emmes, A.: A Statistical Analysis of the Accommodative-Convergence Gradient, Am. J. 
Optom. 26:474, 1949. 

25. Hofstetter, H. W.: (a) The Proximal Factor in Convergence and Accommodation, Am. 
J. Optom. 19:67, 1942; (b) The Zone of Clear Single Binocular Vision, Part N, ibid. 22:361, 
1945; (c) Accommodative Convergence in Squint, ibid. £3:417, 1946; (d) Accommodative Con- 
vergence in Identical Twins, ibid. 25:480, 1948. 


(Footnotes continued on next page) 
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of all these investigators can be collected in a single presentation, since the conclu- 
sions are all similar. 

The essential fact disclosed by all is that it is impossible to change accommoda- 
tion by any amount without at the same time changing convergence. If the actual 
change in accommodation is considered, the change in convergence has a linear 
relationship to the change in accommodation. This appears to be true for the whole 
range of accommodative response, as shown in Chart 2 for a fixation distance of 
6 meters with accommodation stimulated by placing of concave lenses before the 
fixating eye. The accommodative response was measured by an optometer, used 
with the haploscope. 

If the response to convergence is measured for various fixation distances, a series 
of parallel lines results when the data are plotted as shown in Chart 3. The shift to 
the right occurs when the fixation distance is decreased. This shift to the right has 
been interpreted ** as due to proximal convergence. 


> 10) 20. 
AGGOMMODATIVE - GCONVERGENGE 
prism chopters 


Chart 2.—Change in convergence (essentially a change in heterophoria) induced by changing 
accommodation. Fixation was maintained at 6 meters. Accommodation was changed by adding 
concave lenses. The accommodation scale represents the actual response of accommodation as 
measured on the haploscope, rather than the stimulus to accommodation. The eyes were disso- 
ciated and convergence was measured by superimposing a line seen by one eye upon a spot seen 
by the other. The accommodative-convergence scale is on an absolute basis, with the zero 
position representing parallelism of the visual lines. 


Hofstetter *°* has shown that the same results are obtained when these measure- 
ments are made on subjects with heterotropia. Everyone who has investigated the 
motility of the eyes in persons with strabismus has noted that squinters exhibit a 
“near point of convergence.” Since fusion does not occur in squint, this should 
properly be spoken of as the near point of accommodative convergence. 


26. Morgan, M. W., Jr.: (a) Accommodation and Its Relationship to Convergence, Am. J. 
Optom. 21:183, 1944; (bh) A Comparison of Clinical Methods of Measuring Accommodative- 
Convergence, ibid. 27:385, 1950. 


27. Morgan, M. W., Jr., and Peters, H.: Accommodative-Convergence in Presbyopia, Am. 
. Optom, 28:3, 1951. 
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This linear relationship between accommodation and convergence was also found 
by Ogle and Prangen ** in their work on fixation disparity. Their findings indicate 
that the relationship is linear when fusion is active and when single binocular vision 
exists, just as it is during monocular fixation on the haploscope. 

The slope of these lines (Charts 2 and 3) is said to represent the accommodative 
convergence-accommodation ratio. If haploscopic data are used in which the response 
of accommodation is known, the average accommodative convergence-accommoda- 
tion ratio is between 44/1.00 D. and 5A/1.00 D. If clinical data are used, in which 
only the stimulus to accommodation is known, the average ratio is between 
34/1.00 D. and 44/1,00 D. There is an extreme positive kurtosis in the curve of 
distribution of the accommodative convergence-accommodation ratios. Emmes 24 
and Morgan *° found that between 85 and 90% of all subjects tested had an accom- 
modative convergence-accommodation ratio between 34/1.00 D. and 5A1.00 D., 
when clinical data were used. Morgan * calculated the coefficients of correlation of 
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AGCOMMODATIVE - CONVERGENCE 
prism diopters 
Chart 3.—Changes in convergence induced by changes in accommodation for various fixation 
distances. The data were plotted in the same manner as the data shown in Chart 2. The first line 
to the left represents the results obtained when fixation was at 6 meters; the second line, when 


fixation was at 66.6 cm.; the third line, when fixation was at 33.3 cm.; and the fourth line, when 
fixation was at 22.2 cm. 


the accommodative convergence-accommodation ratio with refractive error, distance 
heterophoria, amplitude of accommodation, and near heterophoria. In no case was 
the correlation greater than the probable error of the calculation. Consequently, it 
can be assumed that the accommodative convergence-accommodation ratio is inde- 
pendent of these measurements. 

Most of the investigations have been made on nonpresbyopic subjects. However, 
one clinical investigation of the accommodative convergence-accommodation ratio 
of presbyopic subjects has been made. Morgan and Peters ** found that the average 


29. Ogle, K. N., and Prangen, A. deH.: Further Considerations of Fixation Disparity in the 
Binocular Fusional Processes, Am. J. Ophth. 34:57 (May, Pt. 2) 1951. 


30. Morgan, M. W., Jr.: Clinical Aspects of Accommodation and Convergence, Am. J. 
Optom. 21:301, 1944. 
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ratio for presbyopes was 3.84/1.00 D., a value which does not vary significantly 
from that for nonpresbyopes. The average value Hofstetter *** obtained on subjects 
with constant heterotropia was 4.24/1.00 D. 

These data indicate that the accommodative convergence-accommodation ratio 
does not vary significantly from one group to another; it is not a function of age, 
and it is not dependent on the presence or absence of binocular vision. It seems to 
me that the most reasonable way to explain this relative constancy of the ratio and 
its independence of variation in other ocular functions is to assume that accommo- 
dative convergence is an innate relationship. Further evidence of the innateness of 
the relationship can be deduced from the average value of the relationship. If the 
relationship were learned and plastic, as implied by Duke-Elder and others, one 
would expect a ratio of about 64/1.00 D. for emmetropic and corrected ametropic 
subjects, since this value for the relationship would automatically place the visual 
axes in the proper position for viewing objects binocularly at any fixation distance. 

Data taken from Scobee *! will illustrate this apparent invariance of the accom- 
modative convergence-accommodation ratio. The data were chosen because it seems 
obvious, to me, that Scobee thinks his case illustrates the theory that accommodative 
convergence is learned and that with each new pair of lenses a new relationship is 
established. 


Certainly no estimate of heterophoria can _* of any significance until the patient has been 
rendered effectively emmetropic and until, in fact, the normal accommodation-convergence ratio 
has been restored together with the normal refraction. . . . The new correction must be 
worn for a minimum of at least one month before measurements made with the new correction 
in place can have any significance whatsoever. 

A single case should suffice to illustrate the point. 

A 17-year-old college student, who had never worn glasses, complained of severe asthenopia, 
the specific symptoms being strongly suggestive of hypermetropia associated with esophoria. 
Examination confirmed the suspicion, for he had 4.75 D of hypermetropia in each eye; at 20 feet, 
there were 16 prism diopters of esophoria, while at 13 inches there were 19 prism diopters of 
esophoria. Tested immediately for heterophoria with as full a correction as he would accept, 
that is, 4.0 D, the heterophoria measurements were now 1 prism diopter of exophoria at 20 feet 
and an esophoria of 1 prism diopter at 13 inches. Re-examination at the end of one month, 
however, the glasses having been worn constantly during his waking hours, revealed an esophoria 
of 4 prism diopters at 20 feet and an exophoria of 1 prism diopter at 13 inches. Subsequent 
rechecks over a period of months indicated that this last measurement was substantially constant. 

The lesson to be learred from the case just cited is quite obvious. Had the heterophoria been 
measured only after the new lenses were in place, no idea of the relatively high esophoria which 
had confronted him in the past could have been gained. 


The clinical value of the accommodative convergence-accommodation ratio can 
be determined by two methods. The first is by direct measurement, in which fixation 
is held constant at some distance. Convergence is then determined for two different 
levels of accommodation induced by lenses. The change in convergence divided by 
the change in accommodation will disclose the accommodative convergence-accom- 
modation ratio. The second method utilizes the subject’s distance and near hetero- 
phoria and the convergence necessary for binocular fixation at near. The assumption 


is made that when there is near fixation the distance heterophoria is overcome 
by accommodative convergence and that this function fails or exceeds the required 


31. Scobee, R. G.: The Oculorotary Muscles, St. Louis, C. V. Mosby Company, 1947, p. 113. 
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convergence by the amount of the near heterophoria. The further assumption is 
made that proximity has little or no effect on the value of the near heterophoria. 

Scobee’s data indicate that with fixation at 20 ft. (6 meters) a change in accom- 
modation of 4.00 D. changed the heterophoria from 16A of esophoria to 1A of 
exophoria ; thus, there was a change in convergence of 17A associated with a change 
in accommodation of 4.00 D. The accommodative convergence-accommodation ratio 
for this patient at the initial visit thus was 174/4.00 D., or 4.24/1.00 D. 

In order to calculate the accommodative convergence-accommodation ratio by 
the second method, the subject’s interpupillary distance must be known. Since the 
interpupillary distance was not given, it can be assumed to be approximately 65 mm., 
which is about average for male college students. Hence this patient would need 
6.5 & 3, or 19.54 of convergence to fixate binocularly at 13 in. (33 cm.). After 
wearing the lenses for one month, this patient exhibited 4A of esophoria with fixa- 
tion at 20 ft. Hence the necessary additional convergence to be supplied was 
19.5A — 4A, or 15.5A. With fixation at 13 in. there was 1A of exophoria. Conse- 
quently, the actual convergence in force in the fusion-free position at 13 in. was 
15.54 —1A, or 14.54. This amount of convergence was associated with a change 
in accommodation of 3.00 D. Hence the accommodative convergence-accom:noda- 
ticn ratio was 14.54/3.00_D. or 4.84/1.00 D. 

The reliability and validity of the determination of heterophoria at 13 in. at the 
initial visit, without correction, were probably very low, since it would have required 
an accommodative effort of some 7.00 D. if this subject had focused his eyes accu- 
rately on the near-fixation target. Since Scobee did not specifically state the method 
used to determine the heterophoria, it is not possible to know whether or not the 
subject made this rather extreme effort of accommodation. If a light was employed 
for fixation and the Maddox rod was used to obtain dissociation, it is almost certain 
that the subject did not make the assumed accommodative response. 

I am inclined to agree with Scobee that the measurements made in this case 
immediately after the lenses were placed before the eye are probably not valid as to 
absolute amounts. Scobee believed that this lack of validity was due to the fact 
that accommodative convergence was not stabilized. I believe it is to be explained 
by a tremendous upheaval which had just occurred in this subject’s accommo- 
dative mechanism itself. A difference in accommodative demand of 4.00 D. for 
each fixation distance is certainly no small change. Usually new corrections for 
ametropia do not involve changes of this magnitude. If the change is relatively 
small, say, 1.00 D. or less, the heterophoria measurements made with the new lenses 
in place will probably be as valid as those made with the old lenses before the eyes. 

In any event, it is interesting to note that this change in the accommodative 
convergence-accommodation ratio induced by wearing the corrective lenses for one 
month, as calculated above, was only 0.64/1.00D. When it is considered that 
proximity stimulates convergence, so that normally one expects the accommodative 
convergence-accommodation ratio determined by the heterophoria method to be 
somewhat larger than the ratio determined by the direct method, the supposed change 
acquired during “stabilization” must be even less than 0.64/1.00 D. Thus, in spite 
of a relatively great change in lens power, this patient demonstrated a rather remark- 
able stability in the accommodative convergence-accommodation ratio rather than 
the reverse. 
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The experimental and the clinical evidence seems to indicate that the Maddox 
concept of convergence function is the most accurate and satisfactory to date, namely, 
that convergence consists of tonic, accommodative, proximal, and fusional com- 
ponents. Each of these components, with the possible exception of the proximal, 
seems to be independent. There is strong presumptive evidence that accommodative 
convergence is innate. Fusional convergence can be readily increased, and some- 
times even established, by orthoptic training. It might therefore be assumed that 
this function is learned. Tonic convergence does not appear to be simple, and its 
value appears to depend on such factors as the amount of light striking each retina 
and neural impulses arising in the cortex, the otoliths, the labyrinths, and the neck 
and trunk. The tonus of the extraocular muscles has been discussed in some detail 
by Cogan.** Our present state of knowledge does not allow us to speak with any 
certainty as to the nature of this particular aspect of convergence. 

The Maddox concept has considerable clinical importance. It offers, for instance, 
a rather rational explanation for the phenomena associated with the terms conver- 
gence insufficiency, convergence excess, divergence insufficiency, and divergence 
excess. While these terms seem to mean different things to different writers, the 
usually accepted definitions are as follows: convergence insufficiency, little or no 
heterophoria for distance fixation with a large exophoria for near fixation; conver- 
gence excess, little or no heterophoria for distance with a large esophoria for near ; 
divergence insufficiency, esophoria for distance with approximate orthophoria for 
near, and divergence excess, exophoria for distance and orthophoria for near. In 
convergence insufficiency, tonic convergence is normal but the accommodative con- 
vergence-accommodation ratio is low. In convergence excess, the ratio is high. In 
divergence insufficiency, there is a low tonic convergence associated with a normal 
to low accommodative convergence-accommodation ratio. In divergence excess, 
there is a low tonic convergence with a high accommodative convergence-accom- 
modation ratio. 

As previously mentioned, the accommodative convergence-accommodation ratio 
may be determined by direct clinical measurement. This test may be given at any 
particular fixation distance, but it is generally given with fixation on a target 
located 40 cm. from the eyes. The method used with nonpresbyopic subjects is as 
follows: 1. The heterophoria for near fixation is determined. 2. The accommoda- 
tive demand is changed by adding either convex or concave lenses of known amount 
and then redetermining the heterophoria with the added lens in place. 3. The 
accommodative convergence-accommodation ratio is then the change in the hetero- 
phoria divided by the change in accommodation. This method of measurement of the 
accommodative convergence-accommodation ratio has been termed the gradient 
method. It is imperative that small detail be used for the fixation target. The 
subject must be made to focus accurately upon the target. If accurate focus is not 
forced upon the average subject, haploscopic data indicate that the subject will 
accommodate for some distance beyond the target, utilizing the depth of focus of 
his eyes in order to see with satisfactory clarity. Consequently, the exact change 
in accommodation will be unknown, and the heterophoria determinations will not 
have any exact meaning. 


32. Cogan, D.: Neurology of the Ocular Muscles, Springfield, Ill, Charles C Thomas, 
Publisher, 1948 
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In any determination of near heterophoria there are at least three unknown 
factors : tonic convergence, accommodative convergence, and proximal convergence. 
If accommodation is allowed to vary from moment to moment, the measurement is 
meaningless. Accommodation must be held constant at a level equivalent to the 
fixation distance during the period of measurement. 

If a gradient determination is made, some basis for judging the validity, as 
distinguished from reliability, of the heterophoria measurements can be formed. 
The accommodative convergence-accommodatien ratio determined by the gradient 
method is compared with the ratio determined by the heterophoria method. The 
latter is generally somewhat higher than the former, owing to proximal convergence. 
On the average, proximal convergence for a fixation distance of 40 cm. will be 
between 2 and 4A.** The total accommodative convergence determined from the 
heterophoria measurements should then be larger. If these two determinations are 
not in reasonable agreement, the validity of either the heterophoria determinations 
or the gradient determination should be questioned. 

Two examples will demonstrate the method. In these examples it will be 
assumed that the near-fixation distance is 40 cm., which theoretically requires an 
accommodation of 2.50 D. It will also be assumed that the subject's interpupillary 
distance is 60 mm., so that 15A of convergence will be required to see the target 
with single binocular vision.** 

Exampte 1.—Data are as follows: 


(c) Gradient 6A/1.00 D. 

(d) 60 mm. 
The total accommodative convergence determined by the gradient method is 2.5 k 6—= 15A. 
The total accommodative convergence determined by the heterophoria method is 


15A + 2A —10A =7A. 


The reasoning here is that 15/A of convergence is required to see singly if orthophoria for 
a 6-meter-fixation distance existed. The 2A of exophoria for the 6-meter distance must be made 
up so that a total of 17A is actually needed in this case. The heterophoria at 40 cm. is 10A of 
exophoria; the visual lines therefore fail to intersect at the point of fixation by an angle of 10A. 
Thus, the actual convergence induced is 17A —l10A, or 7A. 

The accommodative convergence determined by the heterophoria method in this case, instead 
of being slightly higher than that obtained by the gradient method, is significantly less. The 
validity of one or more of these determinations is therefore doubtful. 

Examp_e 2.—Data are as follows: 

(a) Heterophoria, 6 m. Orthophoria 
(c) Gradient 4A/1.00 D. 
(d) 60 mm. 

The total accommodative convergence determined by the gradient method is 2.5 x 4=10A. 

The total accommodative convergence by the heterophoria method is 15A +0—4A = 111A. 

In this case, the determinations bear the proper relationship to each other. The validity of 
these determinations is therefore probably good. 


A great many refractionists seem to be of the opinion that hypermetropic per- 
sons who are exophoric should have a slight undercorrection, whereas those who 


33. Hofstetter.258 Morgan.2¢ 

34. A rule for determining the convergence, in terms of prism diopters, for any subject at 
any fixation distance is to multiply the subject’s interpupillary distance, in centimeters, by the 
fixation distance, in diopters. Thus, for these examples, 6 x 2.5= 15A. 
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are esophoric should have slight overcorrection. On the other hand, myopic 
patients with exophoria should have full correction, whereas myopic patients with 
esophoria should have a minimum correction.** 

I believe that the deciding factor whether or not to follow these rules should 
be based on the accommodative convergence-accommodation ratio, and not on the 
heterophoria. If the assumption is made that the refractive error represents the 
optical determination of the far point with accommodative activity reduced to an 
absolute minimum, then the heterophoria with fixation at 6 meters, which exists 
after correction of the ametropia, cannot be due to accommodative convergence. It 
is only the heterophoria with near fixation which is influenced by accommodative 
convergence. If hypermetropia is not completely corrected, there will be a change 
in the heterophoria at distance and near, but these changes will be governed by the 
accommodative convergence, and not by the heterophoria which exists with com- 
plete correction of the ametropia. Similar reasoning will apply in myopia. The 
change in the heterophoria will be dependent on the accommodative convergence- 
accommodation ratio, and not on the value of the initial distance hereophoria. 

This view can be illustrated best by several examples. 


Examp ce 3.—Data are as follows: 


2.00 D. hypermetropia 
(b) Heterophoria, 6 m 


104 exophoria 


The total accommodative convergence determined by the gradient method is 2.5 x 2—5A. 
The total accommodative convergence by the heterophoria method is 15A + 10A —18A =7A. 


This patient has a very low accommodative convergence-accommodation ratio ; 
consequently, any modification of the basic correction will have little influence on 
the heterophoria. In this case, there is no basis for modifying the spherical cor- 
rection because of the subject’s convergence problem. Base-in prisms, however, 
would be helpful. 


Examp Le 4.—Data are as follows: 


(e) Interpupillary distance 60 mm. 


The accommodative convergence with the gradient method is 2.5 x 2—=5A. 
The accommodative convergence with the heterophoria method is 154 —2A —5A = 8A. 


In this case, the accommodative convergence-accommodation ratio is the same 
as in the previous example ; yet it is obvious at a glance that the problem is some- 
what different because of the more favorable tonic convergence. Here, again, 
changes in the correction will have little effect on convergence. 


Exampte 5.—Data are as follows: 


The accommodative convergence with the gradient method is 2.5 K 15 = 37.5A. 
The accommodative convergence with the heterophoria method is 15A —2A + 25A = 38A. 


35. Scobee,*! pp. 131 and 138. 
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This subject will undoubtedly have esotropia at times when looking at near 
objects. A modification of the prescription will have considerable influence on the 
convergence. A reading correction of +3.50 D. (+1.50 D. add) would reduce the 
near heterophoria to orthophoria (a change of this magnitude is probably not 
desirable). It should be emphasized that with a high accommodative convergence- 
accommodation ratio the near heterophoria can be modified by alteration of the 
prescription. 

Nothing has been said about fusional (relative) convergence as it relates to the 
interpretation of clinical data. Needless to say, this part of the convergence func- 
tion must also be investigated if the complete picture of the convergence function is 
to be obtained. In Examples 3 and 4, the final prescription would be governed 
to some extent by the value of the relative convergences. 

Accommodative convergence is extremely important in the case of strabismus. 
It is customary to speak of accommodative squints as a type in which the diagnosis 
of the cause of the squint is certain. Some doubt is expressed by most writers as 
to the simplicity of this diagnosis, since the problem of the youngster with high 
degrees of hypermetropia who does not squint must be explained. If the accom- 
modative convergence-accommodation ratio is taken into account, the difference 
between the hypermetropic squinter and the hypermetropic nonsquinter is at once 
apparent. Four factors must be taken into account: (1) the degree of the hyper- 
metropia, (2) the accommodative convergence-accommodation ratio, (3) the nega- 
tive relative convergence, and (4+) whether or not the patient makes the necessary 
accommodative effort to overcome his hypermetropia. 

The first three factors and their relationship can best be shown again by several 
examples. Assume again that the interpupillary distance is 60 mm. It may also 
be assumed that in each case 3.00 D. of uncorrected hypermetropia exists, that 
negative relative convergence is 10A for 6 meters and 154 for 40 cm. in all cases, 
and that tonic convergence is zero. 

ExampLe 6.—Assume that the accommodative convergence-accommodation ratio is 3A/1.00 D. 

For 6 meters, accommodative convergence = 3 X 3 = 9A. 

This is less than the negative relative convergence, and, consequently, single binocular vision 
would probably exist, even though the patient might be uncomfortable. 

For 40 cm. accommodative convergence =5.5 KX 3= 16.5A. 

The necessary convergence required is 15A, and so there is only 1.5/ in excess, which is 
well within the limits of negative relative convergence. 

ExaAmPpLe 7.—Assume that the accommodative convergence-accommodation ratio is 7A/1.00 D. 

For 6 meters, accommodative convergence = 3 X 7= 21A. 

This is in excess of the negative relative convergence, and, consequently, this patient would 
squint without lenses when fixating at 6 meters. 

For 40 cm., accommodative convergence = 5.5 & 7 = 38.5A. 

If the 15A of necessary convergence is subtracted, there is an excess of 23.5A, which, again 


is in excess of the negative relative convergence. 


Exampite 8—Assume that the accommodative convergence-accommodation ratio = 
15A/1.00 D. 

It is evident that this patient, like the one in Example 7, would squint for both distance 
and near. 

Now suppose the hypermetropia were corrected. Since all the patients are assumed to have 
a tonic convergence equal to that demanded for parallel visual axes, the + 3.00 D. sphere would 
eliminate the squint for distance fixation of all three. Since the patient in Example 6 did not 
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squint before the hypermetropia was corrected, this subject will not squint after it is corrected; 
so only Examples 7 and 8 need be considered. 


Examp_Le 7.—Hypermetropia corrected, 40 cm. fixation. 

Accommodative convergence = 2.5 x 7 = 17.5A. 

If the 15A of required convergence is subtracted, there is an excess of 2.5A, which is well 
within the limits of negative relative convergence. Consequently, prescription of a + 3.00 D. 
sph. will eliminate the squint for both distance and near. 

ExampLe 8.—Hypermetropia corrected, 40 cm. fixation distance. 

Accommodative convergence = 2.5 « 15 = 37.5A. 

If the 15A of required convergence is subtracted, there is an excess of 22.5/A of convergence, 
which is still in excess of the 15/A of negative relative convergence. This patient will have single 
binocular vision for distance but will still squint at near. 

The fourth factor, whether the patient makes the necessary effort of accommo- 
dation, is as important as the other three. Many so-called accommodative squinters 
can at will have single binocular vision by letting the object of regard become blurry. 
Some patients learn to do this by themselves, while others learn it during orthoptic 
training. As a matter of fact, this is the process used in establishing a so-called new 
accommodative-convergence relationship in accommodative squinters. The orthop- 
tist starts the training with targets which have little, or no, fine detail, so that 
the patient can still distinguish the “detail,” even though it is blurred. This allows 
the subject to obtain single vision, and, consequently, negative relative convergence 
can be increased through training. As the negative relative convergence increases, 
the patient can accommodate more and more and still maintain single binocular 
vision with adequate “clear” vision, without a change in accommodative con- 
vergence. 

Proximal convergence has received only passing mention. The investigations to 
date on this matter have not yet reached the definitive stage, as have those on 
accommodative convergence. Hofstetter ** and Morgan **” found that proximal 
convergence seems to be inversely related to accommodative convergence. The 
degree of negative correlation is small, but apparently significant. On the other 


hand, Hofstetter “* has found evidence that proximal convergence is really not a 


separate component of convergence, nor is it a part of accommodative convergence, 
as suspected and presented by Maddox. The best interpretation of his data indi- 
cates that it (proximal convergence) is a manifestation of a facilitation of positive 
relative convergence, due to the subject's awareness that the fixated target is near at 
hand. Ittelson and Ames ** have presented data to indicate that proximal con- 
vergence is a separate function, apparently unrelated to fusional convergence. Their 
interpretation, however, is open to question, since they neglected to take into con- 
sideration the accommodative convergence induced by proximal accommodation. 
If this is extrapolated from their data, the whole of the proximal convergence is 
accounted for, and one must conclude that they demonstrated that proximal con- 
vergence does not exist in their subjects under the condition of the measurements. 
Further investigations must be made before definite conclusions regarding proxi- 
mal convergence may be drawn. 


36. Hofstetter, H.: Personal communication to the author; Am. J. Optom., to be published. 


37. Ittelson, W. H., and Ames, A., Jr.: Accommodation, Convergence and Their Relation 
to Apparent Distance, J. Psychol. 30:43, 1950. 
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SUMMARY 


It may be said in summary that laboratory and clinical investigations of the 
convergence function can best be interpreted on the basis of the analysis of Mad- 
dox; that is, convergence is a complex function which can be divided into the 
elements of tonic convergence, accommodative convergence, relative fusional con- 
vergence, and proximal convergence. Contrary to popular opinion, investigations 
seem to indicate that accommodative convergence is extremely stable in any one 
subject. It also appears to bear a linear relationship to accommodation. There is 
true relative convergence but no relative accommodation. Binocular vision with 
changes in ametropia and correction lenses is made possible not by a dissociation 
of the functions of accommodation and convergence, but by a variation in relative 
convergence. 


University of California School of Optometry 
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FIBROUS COMPONENTS OF THE VITREOUS BODY 


A. GRIGNOLO, M.D. 
PARMA, ITALY 


HE STRUCTURE of the vitreous body is an old problem which has stimu- 

lated the attention of anatomists and ophthalmologists from the earliest time. 
In spite of the large amount of research work done on the subject, our knowledge 
of the vitreous structure is still limited. Principally, two methods of investigation 
have been used so far: the microscopic study of fixed material and the ultramicro- 
scopic examination of fresh vitreous. 

Histological research has encountered appreciable difficulties because of the 
unusual delicacy of the vitreous and its high water content. Sections of fixed 
vitreous prepared by ordinary histological methods show the presence of a network 
of poorly stained, thin fibers... The view has been expressed that these fibers do 
not represent the true vitreous structure but are merely artifacts produced by the 
action of fixatives on the vitreous body. Differences in the shape, size, and pattern 
of the fibrous elements resulting from the use of different fixation fluids has been 
considered as evidence for this assumption. Moreover, some investigators * have 
‘ reported that structures, very similar to those seen in fixed specimens, form under 
* the microscope when fixatives are added to fresh vitreous. 


: Fresh vitreous examined with the ordinary-light microscope is transparent and 
does not show any appreciable structure. With the immersion ultramicroscope of 
Zsigmondy, perfectly fresh vitreous is optically empty. Soon, however, numerous 
filaments appear. When the vitreous has been standing for some time, the filaments 
break up into separate particles. These filaments have some similarity to those seen 
in soap gels and are considered aggregates of colloidal micellae.* As a result of 


these findings, the theory was advanced that the vitreous is not a tissue but a gel 
composed of a meshwork of submicroscopic filaments suspended in a viscous fluid, 
without any structure of microscopic dimensions. 


From the Retina Foundation, Massachusetts Eye and Ear Infirmary. 

This work was aided by grants from the American Optical Company and the Veterans 
Administration. 

Read before the Section on Ophthalmology at the One-Hundredth Annual Session of the 
American Medical Association, Atlantic City, N. J., June 15, 1951. 

1. Lauber, H., in von MOllendorff, W.: Handbuch der mikroskopischen Anatomie des 
Menschen, Berlin, Julius Springer, 1936, Vol. 3, Pt. 2, p. 497. 

2. (a) Heesch, K.: Klin. Monatsbl. Augenh. 77:601, 1926; Arch. Augenh. 98:129, 1927. 
(b) Stroemberg: Acta Soc. med. Suecanae, 1931, p. 57, cited by Lauber.t (c) Duke-Elder, S.: 
Brit. J. Ophth., Supp. 4, 1930. (d) Bruni, A. C.: Arch. ital. anat. e embriol. 49:229, 1943. 

3. (a) Heesch.28 (b) Duke-Elder.2¢ (c) Baurmann, M.: von Graefes Arch. Ophth. 111: 


352, 1923; 114:276, 1924; 117:304, 1926. (d) Comberg, W.: Klin. Monatsbl. Augenh. 72:692, 
1924. 
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Inconsistent results were obtained when different methods of ultramicroscopy 
were used. Cattaneo‘ and Bruni ** did not find any structure in very fresh vitreous 
examined with a dark-field microscope and the Zeiss cardioid condenser. Using the 
slit ultramicroscope, Friedenwald and Stiehler * observed an arrangement of ultra- 
microscopic elements in parallel sheets but did not describe any fibrous component. 

In addition to the direct study of the vitreous body by the microscope and the 
ultramicroscope, indirect methods have been used to investigate its fibrous com- 
ponents. Long ago it was suspected that there was a fibrous structural element in 
the material which could be separated from the vitreous by filtration. This material 
has been termed residual protein, or vitrein. Friedenwald * held that the residual 
protein corresponds to the structural framework of the vitreous and extracted it 
by centrifugation of fragmented vitreous, repeated washing, and filtration. He 
found that this material possessed an unusually low refractive index and that it 
was possible to deposit it in sheets of extreme thinness and extraordinary tensile 
strength and elasticity. 


Recently, Pirie, Schmidt, and Waters*® observed that hydrolysates from the 
residual protein gave amino-acid chromatographs remarkably similar to those of 
corneal collagen. The same material examined by x-ray diffraction showed a wide- 
angle pattern characteristic of collagen. Moreover, the residual protein was readily 
liquefied by collagenase, an enzyme which, as far as is known, digests only collagen 
and reticulin. It was also observed that the residual protein, like collagen, was 
dissolved by pepsin but not by trypsin. These results offer strong evidence that 
the vitreous contains a fibrous structural substance, and Pirie and associates believe 
it to be a protein of collagen type. 


The first part of this paper describes a new attempt to determine which morpho- 
logic elements correspond to this fibrous substance. It was thought that a micro- 
scopic structure, if present, possibly eluded previous investigations because of its 
delicacy, it being altered or destroyed by fixatives. Another reason might have been 
a refractive index that was very close to that of the surrounding medium. To over- 
come these obstacles, only fresh vitreous “* was studied, and use was made of a 
phase-contrast microscope, which is designed for the study of transparent material 
of low contrast. 


INVESTIGATION OF VITREOUS BODY WITH PHASE MICROSCOPE 


Method.—Thirty-two human eyes were used. They were obtained from the Boston Eye 
Bank 12 to 24 hours after death. During this time they were stored in an icebox at 4 C. Cattle 
eyes were also investigated. 


The vitreous was dissected carefully from the surrounding tissues in order to avoid breaking 
its external surface. This is easy to accomplish except at the ora serrata and along a ring- 
shaped surface which extends about 2 mm. over the pars plana (orbiculus ciliaris), anterior to 
the ora serrata. In this area, which has been called the “vitreous base,” the vitreous body cannot 
be separated completely from the underlying tissues. The isolated vitreous was immersed in 


4. Cattaneo, D.: Rendic. Accad. naz. Lincéi 12:599, 1930. 
5. Friedenwald, J., and Stiehler, P.: Arch. Ophth. 14:789 (Nov.) 1935. 

6. Pirie, A.; Schmidt, G., and Waters, J. W.: Brit. J. Ophth. $32:321, 1948. 

6a. The term “fresh vitreous” in this paper means two things: (1) vitreous removed from 
eyes which were enucleated shortly after the donor’s death and which were kept at 4 C. for less 
than 24 hours; (2) vitreous which was not treated with fixatives. 
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Fig. 1—Human vitreous: phase contrast. 4, « 100; B, portion of A, x 300. 
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Ringer's solution at 4 C. and fixed with suitable clamps. The parts to be examined were 
removed with fine scissors, needles, and forceps. Sections were made along the vertical and the 
horizontal meridian in order to secure segments of vitreous extending from the back of the lens 
to the posterior pole. Other sections were made in order to study separately the ora region, 
the equatorial area, the posterior pole, and the central core. The specimens thus obtained were 
mounted on slides with lateral supports and covered by a cover glass, care being taken to 
minimize pressure on the specimens, as far as possible, in order to avoid displacement of their 
various structures. The slides were then lifted out of the liquid, dried on the outside, sealed with 
petrolatum U. S. P. (vaseline®), and examined under the microscope, ordinary- and long-focus 
phase diaphragms being used.? The transparency, viscosity, and softness of the vitreous hamper 
preparation of specimens. Special care is needed to keep the specimens in their original position 
and thus avoid displacement of their elements. A certain amount of practice is required for 
satisfactory results. 

In some instances, small pieces of vitreous were grasped with forceps, cut out, and pressed 
between a slide and cover glass. This method produced thin specimens suitable for examination 
with high magnifications. 

When specimens from well-defined regions were required, the vitreous was frozen with 
carbon dioxide snow and sectioned with an electric saw. Pieces cut out by this method were 
allowed to melt in saline solution, then prepared as described for unfrozen specimens. Results 
were compared with those obtained without freezing in order to determine what alterations of 
structure or what artifacts, if any, were produced by the freezing. The thinnest fibers seemed 
to be the only ones which were partly destroyed. 


Results—Human Eyes: The phase microscope showed that human vitreous 
possesses fibrous elements of microscopic dimensions. Fibers of various widths, 
ramifying into progressively small fibers, were seen. They anastomosed widely 
with each other, forming a fairly extensive network. Although dissection had 
altered and partly disorganized the structure of this network, a critical and com- 
parative study of the preparations made it possible to recognize to some extent the 
morphologic characteristics and position of the fibrous components. A description 
of the principal structures follows. 


1. Fibers of considerable length were seen posterior to the equatorial plane 
(Fig. 14 and B). Their width varied, in fresh preparations, from 2.1 to 3.3 p, the 
widest fibers being mainly located in the central part of the vitreous. The course 
of the fibers was mostly in a meridional direction and roughly parallel to the surface 
of the vitreous. They branched into fibers of smaller width (1.1 to 1.9 »), which 
tapered progressively and ramified in every direction. These ramifications anas- 
tomosed widely with each other, forming a network which extended throughout 
the vitreous substance. In some instances, a second network, of thinner fibers, was 
visible inside the meshes of the first network and was apparently derived from it. 
This thin network was seen oftener in the peripheral than in the central portions of 
the vitreous. In some cases, fibers forming the second network ramified further 
into filaments so thin that it was difficult to follow their course. There is some 
indication that certain fibers of the vitreous are connected with the back of the 
lens and with the posterior pole of the globe, but no details of such insertions could 
be demonstrated. Besides, broken fibers with a corkscrew appearance were seen 
attached to the surface layer of the vitreous in the equatorial region, suggesting 
other points of insertion in this area. . 


7. American Optical Company phase-contrast equipment was used. 
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Fig. 2—Human vitreous; phase contrast. 4, x 100; B, x 300. 
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2. Anterior to the equatorial plane, fibrous bundles were detected in the vitreous, 
being formed by closely interlaced fibers which ran together for some distance and 
then separated from each other (Fig. 24 and B). The structure of these bundles 
was clearly visible where preparation had apparently dissociated them (Fig. 3). 
They originated from the vitreous base, at fairly regular intervals, fanning out in 
various directions. Some of them ran toward the peripheral layers of the vitreous ; 
others, toward the center, and still others, toward the retrolental region. The 
bundles were firmly attached to another system of fibers which was parallel and 
anterior to the ora serrata and vitreous base (Fig. 24 and B). This other system 
was nearly in contact with the pars plana, but its exact relation to this structure 
could not be determined. In some specimens, fibers were seen connecting the 
bundles fanning out from the vitreous base with the circular fibers running parallel 
to the ora serrata. These connecting fibers appeared to form the insertion of the 


Fig. 3—Human vitreous; phase contrast. x 300. 


bundles to the circular-fiber system. Other fibers arose from the main stems of 
certain bundles and anastomosed with similar fibers from other bundles. After a 
short distance, the fibers composing the bundles separated from each other. At this 
point they had a width of 2.3 to 3 gw, and they soon branched into smaller fibers, 
which ramified further. The relation between these ramifications and the network 
observed in the postequatorial part of the vitreous was not clearly visible. In some 
instances, however, connections were found between the two networks. It is 
reasonable, therefore, to assume that the bundles are the roots from which the 
whole fibrous system of the vitreous body emanates. In preparations of the anterior 
portion of the vitreous, care was taken to exclude the zonula. It is my belief, there- 
fore, that the above-described bundles actually belong to the vitreous body. Further 
investigation is needed, however, to elucidate the relation between the attachment 
of the bundles to the vitreous base and the zonula. 
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3. Some characteristics and properties of the fibrous elements described above 
are worthy of mention. The fibers showed a tendency to swell. After they had 
stood for a few hours in saline solution, their width increased up to four and five 
times the original one. This swelling was not uniform, as some swollen fibers pre- 
sented rather regularly spaced incisures, which seemed to indicate periodical varia- 


Fig. 4-—Human vitreous; phase contrast. 4, « 400; B, x 645. 


tions in their structure. An element of internal structure, scarcely detectable in 
fresh preparations but evident in swollen fibers, was an axial and continuous strand 
of a higher refractive index (Fig. 44 and B). This axial strand was broken up 
into small clumps when the fiber attained the highest degree of swelling. As the 
alterations progressed, some of the clumps left their original position and migrated 
into the peripheral part of the fibers. After three to five hours’ standing, amorphous 
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Fig. 5.—A, surface layer of the human vitreous; phase contrast. x 300. B, surface layer 
of the human vitreous, showing a large tear above and to the right; phase contrast. x 100. 
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granules began to cover the fibers. Although they mostly adhered to the surface of 
the fibers, some were also seen inside the fibers. The granules became more and 
more numerous and finally hid the fibers completely. In old preparations, kept in 
the icebox for 24 hours, a certain number of fibers seemed to have disappeared 
completely, and aggregates of granules marked their former location. The fibers 
apparently possessed a certain degree of elasticity. When stretched out they were 
straight. Oftener they appeared slack and had a wavy course, their points of inser- 
tion having been broken by the dissection. Sometimes a corkscrew appearance was 
observed. 


Fig. 6—Surface layer of the human vitreous with a large tear above and to the right; 
phase contrast. x 300. 


4. When the vitreous body was isolated from the surrounding structures, its 
external surface appeared to be a continuous membrane from the ora serrata to the 
posterior pole. Except for the vitreous base, where the vitreous could not be sepa- 
rated from the surrounding tissues, a firm adhesion existed between vitreous and 
retina in the areas of the macula and the disk. In these two regions the vitreous 
could not be separated from the retina without breaking its surface layer. Even 
when the dissection was made gently, a small quantity of vitreous herniated through 
the torn surface layer. Weaker adhesions were found at the equator, but they could 
be overcome without appreciable breaking of the surface layer. Anterior to the base 
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the vitreous could not be separated from neighboring structures as easily as posterior 
to it. Ill-defined points of adhesion were found at the level of the zonule and of the 
ciliary processes, and there was a ring-shaped attachment of the vitreous to the back 
of the lens capsule. The surface layer of the vitreous was tenaciously adherent to the 
inner portions of the vitreous and could not be separated from them completely. 
When examined with the phase microscope, the surface layer appeared as a 
continuous and transparent membrane (Figs. 5, 6, and 7) without any structure. 
It possessed a certain degree of elasticity ; when cut, it shrank and formed numerous 
folds, appearing as light or dark lines, according to the type of phase objective used. 


Fig. 7.—Surface layer of cattle vitreous; phase contrast. x 300. 


The folds changed in shape and direction, depending upon the pressure or traction 
exerted on the specimen. Such changes could be produced under the microscope by 
a micromanipulator needle. With the same procedure, tears could be produced in 
the surface layer. The presence of folds and tears in the surface layer made its detec- 
tion easy in fresh preparations. 

Cattle Eyes: The vitreous of cattle eyes showed a fibrous network very similar 
to that seen in the human vitreous. However, fibrous bundles attached to the 
vitreous base, observed in the anterior vitreous of human eyes, were not found in 
cattle eyes. The surface, or limiting, layer of the vitreous appeared thicker than in 
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human eyes. In some instances, large round cells were observed, fairly regularly 
spaced on its external surface. These cells warrant further investigation, since at 
present it is not possible to say whether they belong to the surface layer of the 
vitreous or to contiguous structures. The fibers seen in the cattle vitreous were col- 
lected by centrifugation. A few vitreous bodies were fragmented mechanically and 
centrifuged at 4,000 rpm for 20 minutes. Aqueous suspensions of the sediment were 
examined with the phase microscope. A large amount of granular debris, small 
membrane-like sheets, and fibers of various widths were observed. The fibers showed 
the same morphologic characteristics as those seen in preparations of unfragmented 
vitreous. Most of them were broken, and some appeared partially dissociated into 
smaller fibrous components. 


Since completion of this study, the results of a similar investigation carried out 
~ on animal vitreous, mostly cattle, have been published independently by Schwarz 
and Schuchardt.* Their findings correspond essentially to those reported in the 
present paper. They describe a fibrous network with large meshes extending through 
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Fig. 8.—A, distribution of fibril widths, in Angstroms, for smooth fibrils. 


B, distribution of 
axial period, in Angstroms, for striated fibrils. 


From Matoltsy, Gross, and Grignolo.'° 


the vitreous. This network is formed by fibers which branch out into increasingly 
smaller fibers and anastomose with each other. The widest fibers, measuring 2.9 pn, 
are located in the peripheral layers of the vitreous and are also numerous in the 
region of the ora serrata. Smaller fibers form a honeycombed network behind the 
lens, at the level of the fossa hyaloidea (fossa patellaris). In the large meshes of 
the fibrous network, a meshwork of thinner fibers is described. Two kinds of cells 
are reported on the surface of the limiting layer of the vitreous, namely, regularly 
spaced round cells, and cells with processes of considerable length. 


INVESTIGATION OF VITREOUS BODY 
ELECTRON MICROSCOPE 


WITH THE 


Sediments of fragmented and centrifuged vitreous bodies were studied with the 
electron microscope in order to gather more information on the nature of the 
vitreous fibers and on the submicroscopic structure of the vitreous. Schuchardt and 


8. Schwarz, W., and Schuchardt, E.: Ztschr. Zellforsch. u. mikr. Anat. 35:293, 1950. 
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Knock * recently published a study of the ox vitreous with the electron microscope. 
Using fixed material, they observed a network of thin fibrils. The present investiga- 
tion was carried out in collaboration with Gross and Matoltsy. The results have 
been published separately '° and may be summarized as follows : 


Method—Fresh vitreous from cattle eyes was used. Several vitreous bodies were isolated 
from the surrounding tissues and fragmented mechanically for 5 to 10 minutes. The resulting 
viscous fluid was centrifuged at 3,000 rpm for 20 minutes. The sediment was discarded, and 
the supernatant fluid was centrifuged at 18,000 rpm for 30 to 40 minutes. The white, sticky 
sediment obtained by this procedure was suspended in distilled water and used to make prepara- 
tions for the electron microscope. Photomicrographs were taken with an R. C. A. electron 
microscope, Type EMU, in the Department of Biology of the Massachusetts Institute of Tech- 


F Fig. 9.—Diluted sediment of fragmented vitreous (cattle eye), chromium-shadowed electron 
micrograph, 29,000. From Matoltsy, Gross, and Grignolo.'” 


nology. Preparations were made according to the above-described method, the whole vitreous, 
or only the central portion or the outer third of the vitreous body, being used. 


Results—\When the sediment obtained from the fragmented and centrifuged 
vitreous of cattle eyes was examined with the electron microscope, definite fibrous 
elements were observed. Three kinds of fibrils are described : 


1. Long, thin, unbranched fibrils of uniform width, curving in smooth ares. They 
were apparently uniform, although some showed a suggestion of a very fine periodic 


9. Schuchardt, E., and Knock, M.: Naturwissenschaften 18:426, 1950. 
10. Matoltsy, A. G.; Gross, J., and Grignolo, A.: Proc. Exper. Soc. Biol. & Med. 76:857, 
1951. 
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structure. The width of the fibrils ranged from 150 to 300 A.; with an average of 
250 A. (Fig. 84). In the micrographs, these fibrils appeared to be the most abun- 
dant fibrous component ( Fig. 9). 


2. Thin, unbranched fibrils, more tortuously bent, exhibiting a clear striation. 
Their width averaged about 150 to 200 A., while the axial periodicity varied from 
500 to 850 A., with an average of 610 A. (Fig. 8B). These fibrils appeared less 
numerous in the micrographs than did the nonstriated form (Fig. 9). 

3. Larger striated fibrils, about 500 to 800 A. in width, showing the character- 
istic morphologic features and periodicity of collagen. These collagen fibrils were 
present in small number as compared with the first two types. All three kinds of 
fibrils were observed in micrographs from preparations of both the central part and 
the outer third of the vitreous. 

y A solution of 0.1% trypsin (pH 8 to 8.4) seemed to have no action on these 
fibrils. 


COMMENT 


The findings reported in this study show that fresh vitreous from human and 
cattle eyes contains fibrous elements of microscopic dimensions, forming a fairly 
extensive network. Apart from the microscopic structure, the possibility of the 
existence of a framework composed of submicroscopic fibrous elements cannot be 
overlooked. Consequently, the vitreous body can no longer be considered as a gel 
without microscopic structure. The existence of a membrane—the hyaloid membrane 
—limiting the vitreous body is still debated. According to the most commonly 
accepted theory this surface is considered not a true membrane, but a layer formed 
by a densely packed mesh of ultramicroscopic filaments. Some facts, however, sug- 
gest that the surface layer of the vitreous is differentiated from the rest of the 
vitreous. Redslob** and von Sallmann,’* treating vitreous preparations with a 
pyridine solution, observed that only the intact surface layer developed a gray 
opacity. Von Sallmann '* has demonstrated experimentally that the surface layer 
of the vitreous differs from the rest of the vitreous in its permeability for hemo- 
globin. Besides, the surface layer extending posterior to the ora serrata can be 
seen with the phase microscope; it appears like a homogeneous, transparent mem- 
brane, which shows a tendency to shrink and to form folds. Such a membrane-like 
if structure has not been found anywhere else in the vitreous. It seems justifiable, 
; therefore, to use the term “hyaloid membrane” to indicate the surface layer of the 

vitreous. Further evidence is needed, however, to determine whether or not this 

layer possesses a characteristic permeability. 


It seems that the framework of the vitreous body is not made of one single 
fibrous protein but consists of at least three different fibrous substances, represented 
in electron micrographs by three distinct types of fibrils. As mentioned before, the 
work of Pirie and associates ® indicates that the vitreous contains a fibrous protein 
of collagen type. The presence of collagen fibrils in the vitreous body is confirmed 
by examination of the sediment from fragmented vitreous with the electron micro- 
scope. Collagen fibrils possess a periodic structure resulting from areas of different 


11. Redslob, E.: Le corps vitré, Paris, Masson & Cie, 1932. 
12. von Sallmann, L.: von Graefes Arch. Ophth. 135:592, 1936. 
13. von Sallmann, L.: Arch. Ophth. 42:583 (Nov.) 1949. 
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density, which appear in the electron microscope as dark and light transverse bands, 
regularly disposed. The periodicity, or the distance between bands of identical den- 
sity, averages 640. The wide-angle x-ray diagram obtained by Pirie and associates ° 
for the residual protein may be due to the collagen fibrils which are found in small 
quantity in the electron micrographs. It is possible that the other striated type of 
fibril, which shows a periodicity very close to that of collagen, also belongs to the 
collagen group of proteins. Nothing can be said at present about the nature of the 
smooth fibrils, which apparently are the most numerous fibers in the vitreous body. 

The possible relation of the findings reported in this study to structures pre- 
viously described by other investigators will now be discussed. It is not known as 
yet whether a correlation exists between the structures detected with the phase 
microscope and some of the fibrous patterns observed in fixed and stained sections 
of the vitreous body. A method of fixation and staining suitable for viewing the 
structures with the phase microscope may be found. 

The relation of structures observed in fresh vitreous to those seen with the phase 
microscope and with the ultramicroscope were studied by Schwarz and Schuchardt.* 
These investigators reported that the ultramicroscopic filaments described by Baur- 
mann,“ Heesch,** and Stroemberg *” correspond to the fine fibers seen with the phase 
microscope. \s these are still within the limits of resolution of the phase microscope, 
they should not be considered ultramicroscopic. There is evidence that the distance 
between the filaments described by Baurmann coincides with the distance between 
the fine fibers observed with the phase microscope. It may be surmised, however, 
that filaments which become visible only after the preparation has stood for some 
time under the ultramicroscope '* are possibly artifacts. 

Observation of the vitreous in the living eye with the slit lamp shows compli- 
cated structures, which mostly appear as membranes hanging like curtains and as 
fibers forming various patterns. It is quite possible that the fibrous bundles, which 
are the largest components of the fibrous network seen with the phase microscope, 
are visible with the slit lamp, since they lie within the power of resolution of the 
highest magnifications of the slit lamp. Individual fibers may become visible when 
for some reason their refractive index is increased or when particles from the sur- 
rounding medium condense around them. This may occur in pathological conditions, 
when fiber-shaped elements are frequently seen in the vitreous with the slit lamp. 

No correlation at this moment can be established between the three kinds of 
fibrils detected with the electron microscope and the structures observed with the 
phase microscope. It is conceivable that some of the fibrils originate from the 
mechanical fragmentation of the fibers and of the membrane-like surface layer of 
the vitreous. It is impossible, however, to say at present whether or not one of 
these three types of fibrils is the specific compone’ t of such microscopic structures. 
The average width of the microscopic fibers is about 154 times as great as the 
average width of the smallest submicroscopic fibrils and about 85 times as great as 
that of the widest fibrils. On the other hand, fibrils seen with the electron micro- 
scope may exist in the vitreous only in a submicroscopic condition and may not 
aggregate to form a structure of microscopic size. Should this be true, some of these 
fibrils could be the substratum of the concentric sheets described by Friedenwald 
and Stiehler.° As stated by these authors, such structures seen with the ultra- 
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microscope may be composed of fibrillar elements which are beyond the limits of 
resolution of the ultramicroscope. 


SUMMARY 


The results of an investigation of the microscopic and submicroscopic structure 
of the fresh vitreous body in human and cattle eyes are reported. 


Fresh preparations were examined with the phase microscope, and fibrous ele- 
ments were observed. The fibers split into progressively smaller elements and - 
anastomose with each other, forming a fairly extensive network posterior to the 
equator. In human vitreous this network is connected anteriorly with fibrous 
bundles which are firmly attached to the vitreous base. The vitreous body is limited 
by a homogeneous, transparent, membrane-like surface layer. 


Investigation of the submicroscopic structure of the vitreous body with the elec- 
tron microscope has been carried out in collaboration with Gross and Matoltsy. 
Three kinds of fibrils have been detected in the sediment of fragmented vitreous. 
The first kind shows the characteristics of collagen; the second seems to be a col- 
lagen-like substance, and the third, which is apparently the most abundant, cannot 
at present be identified. 

The relations of the morphologic elements detected in this study to structures 
previously described by other investigators are discussed. 

Clinica Oculistica della Universita di Parma. 


Dr. Charles L. Schepens, Director of the Retina Foundation, Massachusetts Eye and Ear 
Infirmary, made this investigation possible. 
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FIXATION ANOMALIES IN AMBLYOPIA 


FREDERICK W. BROCK, D.O.S. 
AND 


ISADORE GIVNER, M.D. 
NEW YORK 


MBLYOPIA is a frequent, vet little understood, visual defect. This fact was 
established by Downing,’ who in 1945 reported on ocular defects in 60,000 
selectees for the United States Army. Among these he found 1,920 cases of uni- 
ocular amblyopia of unknown origin, a proportion of 1: 30. Does fixation in these 
instances remain centered on the fovea of the affected eye? This is the question 
under consideration. 

The true naturé of amblyopia has by no means been established. Harms,? in 
1938, demonstrated a relative lowering of the pupillary responses to light in ambly- 
opic eyes. He was of the opinion that, in some manner, there occurs a suppression 
of the activity of the retina. On the other hand, Wald and Burian,* Dyer and Bier- 
man,* and many others have stated the belief that amblyopia is due mainly to cortical 
suppression and that no physiological changes occur. 


The macula of the human eye does not attain its full development until the 16th 
week after birth.® It is at this time also that the eye begins to move in active inspec- 
tion. Gesell ® reported that four months after birth an infant will begin to regard 
its own hands and its toys by means of direct binocular fixation. 


It has long been suggested by Javal,’ Weymouth,* Fuchs,’ and others that the 
acuity gradient is the basis for fixation. Marx and Trendelenburg, in 1911,'° became 
convinced that fixation is normally maintained in the area centralis because of the 
appreciation of serious loss of acuity as soon as the eyes stray beyond it. 


Read before the Eastern Division of the Association for Research in Ophthalmology, March 
29, 1952. 
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Many investigations have been made regarding loss of acuity when the eye 
strays from the area centralis. Jones and Higgins '' made a study of the available 
literature and carried on investigations of their own. They were particularly inter- 
ested in the acuity gradient within 1 degree of the central fovea. Wertheim’s '* 
studies of the more peripheral acuity, which were reported in 1894, still agree well 
with the results of later investigators, in particular those of Luckiesh and Moss."* 
Polyak,'* and, more recently, O’Brien,'® correlated these findings with the anatom- 
ical distribution of retinal cones. 

Table 1 represents the best available estimate of acuity at various distances from 
the central fovea, whose axis may be called the zero axis, where acuity is maximal 
(100%). At this point the cone population of the retina is also maximal. Here the 
cones are less than 2 » apart, so that some 60 cones could be laid side by side within 
0.1 mm. A very short distance away from this center, i. e., at 10 minutes of arc, the 
cone population has shrunken by one-fourth, and so has acuity. At 1 degree from 
center the cone population has been reduced to one-half, and acuity has dropped 
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Fig. 1.—A, acuity gradient; B, retinal gradient. 


below that level. Six degrees from the center of the fovea both the cone population 
and the acuity are only one-tenth of maximum. 

It can, therefore, hardly be questioned that the retinal position of an image is 
all-important in the determination of its clarity. Both the acuity gradient and the 
retina! gradient reach their peak in the center of the fovea, as is shown in Figure 
14 and B. The similarity of the curves is striking. If one thinks of them in terms 
of an arrowhead, both these arrows point directly at the fixation objects. 

It may be assumed, that the so-called fixation reflex, whether innate or acquired, 
will always tend to bring the eye into the position of clearest vision. This is impor- 
tant to remember when one is considering eccentric fixation, particularly when the 
latter is found in unilateral amblyopia not associated with squint. 


11. Jones, L. A., and Higgins, G. B.: J. Optic. Soc. America 37:217, 1947. 

12. Wi Ztschr. Psychol. u. Physiol. Sinnesorg. 7:172, 1894. 

13. Luckiesh, M., and Moss, F. K.: The Science of Seeing, D. Van Nostrand Company, Inc., 
1937. 

14. Polyak, S. L.: The Retina, Chicago, University of Chicago Press, 1941. 

15. O’Brien, B.: Vision and Resolution in the Central Retina, J. Optic. Soc. America 41:882, 
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It may be well, now, to consider the meaning of the term “amblyopia.”” Webster’s 
“New International Dictionary” defines amblyopia as “weakness of sight without 
any apparent causes in the ocular structures.” This definition excludes subnormal 
vision from the following “known” causes: (a) uncorrected refractive errors, (b) 
opacities or irregularities in the refractive media, and (c) a pathological process 
affecting the macula. 


Amblyopia may be explained in terms of a lowered resolving power of the eye. 
If acuity still remains highest in the central fovea, one would expect fixation to 
remain centered. Subnormal vision may also be explained by assuming that central 
acuity is lower than the acuity of the immediately surrounding areas. This, of neces- 
sity, would shift fixation to the eccentric retinal region capable of clearest vision. 
The acuity gradient would then assume the form of an involuted cone, as shown 
in Figure 2. Figure 24 represents a vertical section through the macula and peri- 
macular area, whereas B shows a plastic view of the same area, maximal vision 
being 1 degree off center. It becomes apparent that maximal acuity may be obtained 
anywhere along the crater’s edge and is, therefore, no longer limited to any single 


Taste 1.—Iisual Acuity in Relation to Retinal Position 


No. of Cones 
per 0.1 Mm. 
in Linear 
Degree of Decsentration Extension Acuity, % 


axis (center of fovea)................ 60 100 
45 
30 35 
12 20 
6 10 


fixation point, as it is in normal eyes. Under the condition shown in Figure 2, it is 


difficult to imagine that any specific point on the crater’s edge could gain ascendency 
over any other point, a condition which would be necessary for the formation of a 


. 


‘secondary macula.” Yet, without a secondary macula no fixed secondary retinal 
correspondence could be established in an amblyopic eye. 

There is a great deal of clinical evidence that in severe amblyopia fixation may 
be markedly off center. Worth,'® some 50 years ago, was aware of this possibility. 
He suggested a very simple and direct method for this observation: Place the patient 
in a dark room. Throw the light of an ophthalmoscope first into his good eve while 
he is looking at this light. Note the reflection of the ophthalmoscope light on the 
cornea of the good eye. Then cover this eve and note whether the amblyopic eye 
can now fixate the light so as to bring the corneal reflection into a corresponding 
position. By means of this method, eccentricities of 2 degrees or more can readily 
be detected. An interesting observation can be made at times. The ophthalmoscope 
may show corresponding reflections while both eyes remain open, an indication of 
binocularly coordinated eyes. But on occlusion of the good eye, the poor eye may be 
observed to make an excursion away from centration before this eye can see the light 
most clearly. This situation is depicted in Figure 3. 4 of Figure 3 shows both 


16. Worth, C. A.: Squint, Its Causes, Pathology, and Treatment, Ed. 5, Philadelphia, P. 
Blakiston’s Sons & Company, 1921, p. 84. 
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7 


eyes “centered” on the ophthalmoscope light. B shows the good eye occluded. The 
poor eye has now shifted from direct fixation to an apparent and considerable 
exotropia, i. e., eccentric fixation. 


Lazich,'* in 1948, reported other indications of eccentric fixation. One of these 
was evidence of decentration of the blind spot of Mariotte in relation to the fixation 
object when fields were taken. He cautioned, however, that this method of testing 
is fraught with difficulties because of the unstable line of fixation found with most 
amblyopes. 


It is the purpose of the present paper to describe a different method of approach, 


which is based on retinal correspondence and demands ability to interpret a contra- 
ocularly induced after-image. This method has shown a high degree of accuracy, 
and the test is easily and quickly administered. 


e° 


é 
Fig. 2.—Acuity gradient in loss of central vision. A, cross section; RB, plastic view. 4 


fered Lud eccentric 
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_ Fig. 3.—Worth test for centered fixation. 4, binocularly centered response; B, eccentric 
hixation of an amblyopic eye. 


The mechanism of retinal correspondence is little understood. Much is known, 
however, relative to its influence on binocular perception. Hering '* and Tschermak '* 
investigated retinal correspondence by means of the after-image test, which later 
was used on strabismic subjects by Bielschowsky.*” The method provides a long 
central filament of light in a glass tube, which is bisected by a metal band. In the 
center of this band is a fixation point, which also serves as the center of rotation, 
around which the lamp can be swiveled. Fixation is steadily maintained on this 
spot while one eye is occluded and the lamp is in a vertical position. After exposure 
of 10 to 20 seconds, the light is extinguished and the lamp shifted to a horizontal 


17, Lazich, B. M.: Arch. Ophth. 39: 183, 1948. 
18. Hering, E.: Die Lehre vom binokularen Sehen, Leipzig, W. Englemann, 1868. 
19. Tschermak : von Graefes Arch. Ophth. 47:509, 1899. 

. Bielschowsky, A.: Am. J. Ophth. 21:33, 1935 
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position. The other eye is now stimulated while it maintains central fixation. If 
normal correspondence exists, the induced after-images form a perfect cross. 

Parinaud,”' in 1882, described certain aspects of after-images which have a 
direct bearing on the present investigation. He closed his left eye and fixated for 
a few seconds with his right eye a red dise lying on a white sheet of paper. If he 
removed the disc and continued to gaze at the white surface, he saw a green after- 
image. If, at the moment when he removed the red disc, he closed his right eye and 
opened his left eye, he still saw the after-image, but its characteristics were decidedly 
different. Similar experiments with contraocularly induced after-images were 
reported 10 years later by Ebbinghaus,** who was able to demonstrate the presence 
of rivalry between a negative after-image, seen by the exposed eye, and a positive 
after-image, experienced by the unexposed eye. In 1930, Creed and Harding ** 
confirmed Ebbinghaus’ contention that there exists an interaction between the two 
retinae in normal binocular vision, so that a sensation produced on the retina of one 
eye elicits a somewhat similar, though less intense, reaction in the corresponding 
retinal area of the other eye, a reaction which shows specific characteristics of its 
own, This interaction of the two retinae in normal binocular vision, capable of 
transferring awareness of an after-image from one eye to the other, forms the basis 
for the test which we used to determine fixation anomalies in subnormal vision. 


A NEW TEST 

The after-image test, as modified by one of us (F. W. B.),24 uses the same test equipment 
as that employed by Bielschowsky and others. The new test differs in that only one eye is 
exposed to the light filament, while the latter is in a vertical position. This stimulation is given 
to the good eye while the amblyopic eye remains totally occluded. The patient is seated approxi- 
mately 4 ft. (120 cm.) from the after-image tester and maintains constant fixation on the small 
fixation dot in the center of the vertical tube while the latter remains lit for 20 seconds. After 
the exposure, and without removal of the occluder, the observer shifts his gaze to the center of 
the test chart. The subject then reports the position of the after-image in relation to the central 
dot while steady fixation is maintained on this point. If foveal fixation is centered, the after- 
image will be reported as a broken vertical streak with the dot situated in the center of the 
broken area. This serves as a preliminary check to assure (a) ability to maintain direct 
fixation with the good eye and (>) ability to identify and designate the position of an after- 
image correctly. The above procedure is repeated except that upon completion of the second 
exposure (of the same eye) the occluder is switched to the exposed eye and the observer then 
attempts to maintain fixation on the black dot of the test chart with his amblyopic eye, the good 
eye remaining occluded. If the two eyes are binocularly integrated, i. e., if normal correspon- 
dence exists, the patient reports that he sees the contraocularly induced after-image as a vertical 
streak on the test chart via the eye which was not exposed to the light filament. Where this 
streak appears to him while he retains fixation on the black dot is clinically significant. If it is 
centered on the dot, direct fixation ability of both eyes may be assumed to exist. If, however, 
the streak appears to the patient as lying to the left or to the right side of the fixation dot, this 
displacement can be measured with 4 degree of accuracy and indicates that fixation is eccentric. 
The exposure is shown in 4 of Figure 4 and inspection in B. The three circles around the black 
dot in the center of the test chart represent the 1-, 2- and 3-degree limits of the field around 
the fixation dot and are simply there to facilitate the accurate localization of the after- 
image in relation to the dot. In the case shown in Figure 48, the amblyopic (right) eye 


21. Parinaud, H.: Gaz. hop. 55:259, 1882. 

22. Ebbinghaus, H.: Arch. ges. Physiol. 46:498, 1889-1890. 

23. Creed, R. S., and Harding, R. D.: J. Physiol. 69:423, 1930. 

24. Brock, F. W.: Visual Training: Pt. II, Chicago, The Professional Press, Inc., to be 
published. 
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looks at the fixation dot in such a way that the central-fovea axis is 5 degrees to the right 
of the dot. It is here that the contraocularly induced after-image is seen by the patient. The 
fixation axis is therefore no longer in the center of the fovea but reaches the retina to the 
temporal side of center. Curiously enough, this situation is frequently encountered in con- 
vergent strabismus, in which, with the good eye fixating, the fixation object is habitually imaged 
to the nasal side of the fovea of the amblyopic eye. This would seem to indicate that the 
habitually stimulated area does not acquire a “heightened” perceptive quality because of this 
stimulation. 

The above test was administered not only to amblyopic persons, with whom the investigation 
was primarily concerned, but also to a control group comprised of subjects who had no loss 
of acuity in either eye or else had recognizable causes of subnormal vision. 
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Fig. 4.—Principles in test using binocularly induced after-images. 
Brock test, see text. 


For description of the 


RESULTS 

Individual patients responded varyingly to the after-image-transfer test, as might 
be expected. It soon became apparent that the various responses could be divided 
into four separate and distinct categories. 

Carecory I: The contraocularly induced after-image was reported to be in alignment with 
the fixation dot as long as exact fixation was maintained. 

Carecory Il: The after-image was reported a measurable distance to the left or to the right 
of the fixation dot while fixation was maintained on the dot. 

Catecory III: The after-image could not be seen unless the exposed eye remained open, 
i. e., an after-image transfer could not be elicited. 

Carecory IV: This category acted as a “catch-all” for exceptional responses not classifiable 
in the other three categories. 
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A total of 379 subjects were tested by three ** examiners. For purposes of anal- 
ysis, they were placed in eight groups, depending on their visual defects. These 


groups are shown in Figure 5 and tabulated as follows: 
Group 
Straight eyes and 20/20 uncorrected vision 
Alternating squint and 20/20 corrected vision 
Straight eyes and subnormal acuity because of uncorrected refractive errors.......... 
Straight eyes and damage to the refractive media 
Straight eyes and damage to the retina (macula) 
Straight eyes and amblyopia, anisometropia being less than 2 D 
Straight eyes and amblyopia, anisometropia being more than 2 
Unilateral squint and amblyopia 


In Figure 5 the four categories in each of these groups are shown by the four verti- 
cai columns, the blacked-in portions indicating the percentage of responses obtained 
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Fig. 5.—After-image-transfer test responses obtained from 379 subjects examined by three 
investigators. 4, controls; B, amblyopic subjects. 


in each category. For instance, in Group B1 all responses were alike, while in Group 
Cl all four responses were obtained, but with Category II in the great majority. 
The number of patients in each category are shown at the bottom of Figure 5. 

In studying Figure 5, it becomes strikingly evident that subjects from the vari- 
ous groups showed significantly varying responses. For instance, Al, B1, and B2, 
of the control subjects, show extremely heavy loading of Column I—all over 80%. 
Who are these subjects? They all have straight eyes, and either they have 20/20 
correctible vision or their loss of acuity is due to sustained damage to the refractive 
media, such as cataract, haze or irregular cornea. All subjects in Category I showed 
centered after-image transfers. 


25. One hundred forty-eight case reports were lent to us by Capt. Norman Jaffe, stationed at 
the United States Army Hospital at Fort Campbell, Ky., where he is presently undertaking 
amblyopia research, using the Brock test. 
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Groups B3, Cl, and D show heavy loading of Column II, Group B3 is made up 
of subjects with straight eyes and known retinal disease affecting the macula of 
one eye. Group Cl contains the subjects who have uniocular amblyopia with moder- 
ate anisometropia and straight eyes, while Group D is made up of amblyopic 
squinters. All those in Category II have measurable eccentric fixation. 

Group A2 seems to be in a class by itself, with better than 80% loading of 
Column III. No other group shows even a 25% loading of this column. This group 
represents persons with alternating strabismus with equal acuity of either eye: 
Most of them simply could not see the after-image when the exposed eye remained 
occluded. Two of them, however, reported the after-image “under cover.” This is 
one of the responses of Category IV which occurred most frequently. The same 
response was obtained with five subjects with pathological fundi. Three of these 
had colobomas, and the other two had vision limited to finger counting in the 
amblyopic eye. It is evident that all these referred the after-image back to the 
eye where it originated. Two other subjects with colobomas showed eccentric 
transfer of such an order as to bring the contraocularly induced streak into position 
where the central fovea should have been under normal development of the eye. 


Group C2, comprised of subjects with straight eyes and a high degree of aniso- 
metropia, shows an almost equal loading of Columns I and II: Whereas 16 persons 
saw the after-image centered on the dot, 14 saw it to the left or the right of the fixa- 
tion dot. There was found, however, a rather remarkable difference between these 
two subgroups of amblyopes: The mean acuity of those with central fixation was 
20/45, while that of the subjects with eccentric fixation was 20/300—a great and 
significant difference. 

Four amblyopes with moderate anisometropias and straight eyes could bring 
the contraocularly induced after-image into alignment with the fixation dot, but by 
doing so they lost sight of the dot. The dot had seemingly entered a perceptually 
defective area. If such an amblyopic eye was exposed to a vertical light filament, 
the patient would fixate the center of the glass tube in such a way as to bring the 
fixation dot onto the retinal area of clearest vision. Let us assume that such an area 
exists 2 degrees to the right of center. This situation is depicted in Figure 64, 
where the circle represents the macula of the amblyopic eye. The heavy and broken 
vertical line indicates the stimulated retinal area during exposure. If, now, in accord- 
ance with Tschermak’s method, the good eye were made to fixate a horizontal 
light filament, the stimulation of this retina would be as shown in Figure 6B. 
Here, the break in the filament remains in the center of the macular area. Assum- 
ing that retinal correspondence exists. the two central-fovea axes take on a single 
spatial direction, and the induced after-images must be reported as shown in Figure 
6C. It becomes quite apparent that the shift in the vertical after-image cannot repre- 
sent an anomalous retinal correspondence, as is frequently assumed, but must be 
taken as evidence of eccentric fixation. The same reasoning holds true with the 
cover test. Assuming that the two eyes were fully parallel prior to occlusion of the 
good eye, such occlusion would elicit a moderate shift of the amblyopic eve from 
an unsatisfactory centered gaze to an eccentric gaze permitting most adequate vision. 
Such a shift would be a measure of eccentricity but might be mistakenly interpreted 
as a moderate heterotropia. 

Eccentric fixation may be precipitated by an active pathological process and 
may then be taken as an indication of foveal involvement. The degree of eccentricity 


: 
cat 
ie 
} 
| 
| 
| 
| 
| 
— 
a, 


BROCK-GIVNER—FIXATION ANOMALIES AMBLYOPIA 783 


shows the extent of the macular lesion. Varying eccentricity may show whether the 
pathological process is progressive or stabilized. One of us (1. G.) observed two 
patients with retinitis centralis serosa whose vision, during the active process, was 
reduced to 20/30 and 20/40, respectively. The after-image transfer was eccentric, 
returning to the center, when the edema lessened and the vision returned to normal. 
In serious loss of central vision due to a lesion, patients do not necessarily resort 
to eccentric fixation on occlusion of the good eye. In a case of central choroiditis 
with 5/200 vision and a 4-degree scotoma, the patient, subjected to the transfer test, 
preferred to maintain the amblyopic eye centered on the test chart. This was evi- 
denced by the fact that the transferred streak was maintained in the center of the 
chart and by the added fact that the fixation dot was reported lacking. 

In evaluating the responses obtained, one wonders whether many cases which 
are generally referred to as instances of amblyopia ex anopsia are adequately named. 
In many such cases there is a history of straight eyes prior to a comparatively recent 
deviation. It seems that in these instances an added diagnosis of centered or eccen- 
tric fixation would indicate a difference in causative factors. Eventually, a better 
understanding may lead one to predict which patients are most amenable to occlu- 
sion and training and which have a more permanent lesion. 
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Fig. 6—Area centralis (macular area), denoted by circle. 4, stimulated retinal area 
during exposure of amblyopic eye with area of clearest vision 2 degrees from center. B, stimu- 
lation of retina of good eye; C, induced after-images. 


CONCLUSIONS 

How an amblyopic subject inspects an object of direct regard when the good 
eye remains occluded may now be answered. The after-image-transfer test showed 
quite conclusively that there exist two types of fixation in amblyopia: In the one 
direct fixation is retained, but in other, represented by a larger group, the patient 
shows need for off-center fixation. 

The amblyopes who maintain centered fixation are mostly, but not entirely, 
persons with a high degree of anisometropia and amblyopia of rather moderate 
degree. They may be assumed to have a lowered resolving power affecting the entire 
central area to an equal degree, with maximal acuity remaining in the center of 
the fovea. 

The amblyopes who show eccentric fixation are in the majority and respond 
to the after-image-transfer test as though they had a definite need for eccentric 
fixation in search for clearer vision. It is difficult to account for one or two degrees 
of decentration of gaze in any situation in which a slight shift toward center would 
immensely improve the clarity of the fixation object. 
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From what is known of the acuity gradient, it is evident that acuity must drop 
off with increased eccentricity of gaze. Our own study, in fact, shows a significant 
correlation of degree of amblyopia and degree of eccentric fixation. Of 48 subjects 
with straight eyes who have acuity of 20/100 or better in the amblyopic eye, the 
mean acuity was found to be 20/60, and the mean eccentricity of gaze was 0.8 
degree. Thirty-eight subjects with loss of acuity of more than 20/100 and straight 
eyes showed an eccentricity of gaze of 2.5 degrees and a mean acuity of 20/350. 
This is shown in Table 2 and Figure 74 and B. In Figure 7 the abscissa shows 
the eccentricity of gaze in 42 degree steps, while the ordinate shows the loss of acuity 
in acuity fractions. In Figure 7 4 these fractions are plotted in a logarithmic scale, 
while in Figure 7B a reduction from 20/20 to 20/40 to 20/60, etc., is plotted 
in equal steps. It is interesting to note that the correlation between acuity and 


2.—Maximal Acuity of Amblyopic Eyes (Without Squint) 


Number of Number of 

Acuity Patients Acuity Patients 
Mean 20/60....... - Total 48 4 
Mean decentration Os? 

Mean decentration................ 25 
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_ Fig. 7.—Correlation of degree of amblyopia and degree of eccentric fixation of amblyopic eyes 
without squint. 


eccentricity of gaze is almost linear in Figure 7.4, indicating an almost perfect 
relationship. 

The present survey shows that most strabismic patients with uniocular ambly- 
opia retain the ability to transfer the after-image from the exposed eye to the 
amblyopic eye. This observation would indicate that they maintain a sort of retinal 
correspondence, for which they can have no conceivable use as long as the eves 
remain in strabismic posture. This presents a problem. Is it that retinal corres- 
pondence is innate and that amblyopia of one eye makes unnecessary a total break 
away from it, as is the case in most patients with alternating squint? Certainly, as 
has been shown, most persons with alternating strabismus cannot see the after-image 
when the exposed eye remains occluded and the other eye retains fixation on the test 
chart. With some others, an awareness “under cover” shows that the streak is 
referred back to the eye in which it originated. 
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Retention of fovea-to-fovea relationship in some cases of prenatal lesions and 
in cases of unilateral strabismus of very early onset also points to an innate char- 
acter of retinal correspondence. With inborn macular lesions, one would otherwise 
expect the formation of a secondary macula, and in unilateral strabismus one would 
expect the formation of an “anomalous,” rather than a “useless,” normal retinal 
correspondence. 

Lack of after-image transfer was found not only in persons with alternating 
strabismus but also in some persons without strabismus and with good acuity in 
either eye who showed a lack of binocular integration by means of other tests. The 
possibility is therefore real that the after-image-transfer test can provide a clinical 
method of testing for the presence or absence of binocular integration. This may be 
illustrated with three cases observed by one of us (1. G.). 

Paralysis of a left superior rectus muscle in a patient with thyroid dyscrasia 
caused a right hypertropia of 15 D. associated with an annoying diplopia. Vision 
was 20/20 in each eye. A normal transfer through the center was obtained. A 
similar result was had with a girl with double hyperphoria and good vision in 
both eyes after operation for squint. A third patient with right hypertropia and 
20/20 vision could not transfer at all and showed no fusion ability. It is likely that 
in the last case lack of fusion ability could have been predicted because of the lack 
of after-image transfer. In the other two cases the presence of after-image transfer 
meant the retention of retinal correspondence, producing an undesirable diplopia 
in the case of the first patient but holding the eyes of the second patient straight. 


The after-image test can also be used to advantage in cases of unilateral cataract. 
The test can be made in cases of cataract so far advanced that a search of the fundus 
is no longer possible and acuity is limited to mere finger counting. In such instances 
the test chart has to be brought to within a foot, or less, of the affected eye before 
the fixation mark can be recognized through the haze. If a centered response is 
obtained, it is an almost certain assurance that vision behind the cataract is good(!), 
a condition which is of great value to the surgeon. On the other hand, if fixation is 
eccentric, the prognosis for usable vision must remain guarded. 


SUMMARY 


An approach to the problem of fixation anomalies in amblyopia is described, use 
being made of a new test by means of contraocularly induced after-images. It was 
found that this test is capable of very much more accurate measurements of fixation 
disparities than was possible with previous methods. The following facts could be 
established : 


1. Only about 20% of the persons with uniocular amblyopia fixate along the 


central-fovea axis of the poor eye on occlusion of the good eye. Their amblyopias 
are always moderate. 


2. The great majority of persons with uniocular amblyopia fixate eccentrically, 
and the shift away from center is greater the more profound the amblyopia. 


3. Eighty per cent of persons with alternating strabismus are incapable of after- 
image transfer, while 75% of persons with unilateral strabismus show transfer 
ability. It could be shown that in strabismus best acuity of the turned amblyopic 
eye was not found on anomalously corresponding off-foveal areas and that it was 
frequently on the opposite side of the true fovea. 
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4+. The acuity gradient which exists in most cases of amblyopia shows a small, 
and very circumscribed, central depression—or total loss—of vision. These limita- 
tions cannot be explained by “obligatory cortical inhibition.” This type of suppres- 
sion is known to affect whole images of objects much too large to fit into 1 or 2 
degrees of the foveal area. The question then arises whether one needs to accept 
pathological, or possibly physiological, cause for eccentric fixation in amblyopia. 

Critical investigation of the most central areas in amblyopias (with eccentric 
fixation) seems to be the most likely approach to the problems of amblyopia ex 
anopsia, and the new test described may provide an added means to that end. 


39 Victory Blvd. (Staten Island 1) (Dr. Brock). 


108 East 66th St. (21) (Dr. Givner). 


DISCUSSION 

Capt. NokMAN S. Jarre, Medical Corps, United States Army: My colleagues 
and I have undertaken a similar program of research at the United States Army 
Hospital, Fort Campbell, Ky. Our technique has been identical with that used by 
the authors. Our results entirely corroborate all the major points which they have 
offered. We agree that the great majority of amblyopes use eccentric retinal areas 
for fixation and that the more profound the amblyopia the greater the eccentricity 
of fixation. We have already tested more than 300 nonstrabismic amblyopes, strabis- 
mic amblyopes, and persons with alternating strabismus. A survey of our records 
reveals that the authors’ results are conservative. 

It is only logical to proceed from this concept to an investigation of the fovea 
in these patients. We do this by the following method: If a patient reports the 
after-image to lie 2 degrees to the right of the center dot on the chart, he is using 
a retinal area 2 degrees eccentric to the fovea. The after-image coincides with the 
fovea, and the fixation dot represents the projection of the eccentric fixation point. If 
we now ask the patient to look 2 degrees to the left of the fixation dot, the after-image 
will now be superimposed on the dot of the chart. We observed three types of 
responses. In one, the center dot completely disappears when the after-image is 
in line with it. This indicates an absolute scotoma at the fovea. In the second, 
the dot becomes dim where the scotoma is small or relative. In the third, the dot 
is seen at first and then disappears. This represents a transient phase. 

By using these tests, we can predict the results of therapy. In the group of 
patients in which the after-image is transferred to an eccentric area and remains 
fixed at this area, occlusion therapy usually results in failure. When the retinal 
area is not fixed, as represented by a variable position of the after-image, the 
prognosis is better. When the after-image is central, and not eccentric, the prognosis 
is best. Similarly, when the scotoma is absolute, the prognosis is poorest. In the 
transient phase, the prognosis is best. 
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EVALUATION OF LOCAL CORTISONE THERAPY IN OPHTHALMOLOGY 


MAX FINE, M.D. 
AND 


RUFUS C. GOODWIN, M.D. 
SAN FRANCISCO 


HE OBSERVATION that the hormone cortisone exerts a remarkable thera- 

peutic effect on certain inflammations of the eye is one of the most important 
contributions to ophthalmologic therapy in a decade which has witnessed many 
revolutionary discoveries. The further observation that this hormone is effective by 
local application, topically, subconjunctivally, or by retrobulbar injection, has already 
made its use more widespread in ophthalmology than in any other branch of medicine. 
In its local application the many hazardous metabolic side-effects are avoided, since 
the dose required is minute as compared with that required for its systemic adminis- 
tration. For the same reason, the temporary scarcity of the drug has not limited its 
use in the eye to the same extent that it has in other fields. 


Leopold and his co-workers ' have confirmed experimentally what was already 
quite certain clinically, namely, that cortisone applied locally penetrates the eye to 
produce therapeutic concentrations in the aqueous and in the vitreous. It has been 
demonstrated that the therapeutic action of cortisone is that of blocking the inflam- 
matory reaction in the tissues, from whatever cause the reaction may have arisen.’ 
The withdrawal of the hormone has resulted in a recrudescence of the inflammatory 
response after an interval of two days or more and a relapse of the disease. This 
has tended to limit the usefulness of cortisone in the treatment of such conditions 
as rheumatoid arthritis, or at least to restrict its use for practical considerations at 
present. The ophthalmologist is fortunate in dealing, to a large extent, with diseases 


The Staff of Letterman General Hospital, United States Army, permitted us to study the 
traumatic cases. 

From the Division of Ophthalmology, Department of Surgery, Stanford University 
School of Medicine, and the Veterans Administration Hospital. 

Presented in part at a symposium on corticotropin (ACTH) and cortisone in Ophthalmology, 
Section on Eye, Ear, Nose and Throat, San Francisco County Medical Society, April 26, 1951. 

Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions presented by the authors are the result of 
their own studies and do not necessarily reflect the opinion or policy of the Veterans Admini- 
stration. 

1. Leopold, I. H.; Purnell, J. E.; Cannon, E. J.; Steinmetz, C. G., and McDonald, P. R.: 
Local and Systemic Cortisone in Ocular Disease, Am. J. Ophth. 34:361 (March) 1951. 

2. Woods, A. C.: ACTH and Cortisone in Ocular Disease, Am. J. Ophth. 33:1325 (Sept.) 
1950. Jones, I. S., and Meyer, W.: Inhibition of Vascularization of the Rabbit Cornea by 
Local Application of Cortisone, Proc. Soc. Exper. Biol. & Med. 74:102 (May) 1950. 
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that are often self-limited or subject to remissions, so that prolonged, continuous 
treatment is not as mandatory as with diseases in other parts of the body. If the 
devastating pathologic changes resulting from inflammations of the various structures 
of the eye can be curtailed, useful function may be preserved until the natural 
remission takes place or until the disease is terminated. Such limited pathologic 
changes occurring in other parts of the body might be considered of minor impor- 
tance ; in the eye, however, they may represent irreparable loss of function. 

Despite the tremendous interest which this use of cortisone has excited, and the 
many cases which have already been reported in which it has been used in the treat- 
ment of ocular disease, the exact field of its usefulness has not yet been sharply 
defined. A survey of the recent articles * dealing with the clinical evaluation of 
corticotropin (ACTH) and cortisone in treatment of ocular diseases reveals many 
contradictory observations on the effectiveness of cortisone in various diseases of 
the eye. It is not surprising that this is so. Paradoxically, the very characteristics 
of ocular diseases which render them suitable for limited, local treatment with 
cortisone make it difficult for one to evaluate the clinical results of such treatment. 
The tendency to remissions and relapses often makes it difficult to be certain that 
an observed improvement is truly a therapeutic effect, and not a spontaneous one. 
Adler,* in a recent editorial, has pointed out eloquently the need for adequate controls 
in the evaluation of therapy. In the treatment of humans, it is often impractical to 
establish such controls even in an individual case, let alone in groups of cases. It 
is apparent, then, that the ultimate evaluation of the usefulness of cortisone in the 
treatment of ocular disease must rest on clinical observation of many, many more 
cases than have already been reported. It is the purpose of this paper to describe the 
results in 121 patients with ocular disease who have been treated with cortisone by 
local administration. 

In presenting this evaluation of local cortisone therapy, we have tried to keep in 
mind that it is not sufficient that the patient showed improvement or that the disease 
became arrested. To establish the existence of a definite therapeutic effect, we 
adopted the criterion that the condition improved either at a significantly more rapid 
rate or to a significantly greater degree than is expected with other forms of treat- 
ment, or that the final outcome, in terms of vision, was better than that which is 
expected in the natural history of the disease. Since it is now known that the 


3. Leopold, Purnell, and others. Steffensen, E. H.; Wishbow, A. J.; Nagle, F. O.; 
Smith, R. W., and Whitney, E. L.: Topical Cortisone in Eye Disease, Am. J. Ophth. 34:345 
(March) 1951. Thygeson, P., and Fritz, M. H.: Cortisone in Phlyctenular Keratoconjuncti- 
vitis, ibid. 34:357 (March) 1951. Olson, J. A.; Steffensen, E. H.; Smith, R. W.; Margulis, 
R. R., and Whitney, E. L.: Use of Adrenocorticotropic Hormone and Cortisone in Ocular 
Disease, A. M. A. Arch. Ophth. 45:274 (March) 1951. Scheie, H. G.; Tyner, G. S.; Buesseler, 
J. A., and Alfano, J. E.: Adrenocorticotropic Hormone (ACTH) and Cortisone in Ophthalmo- 
logy: Report of Cases, ibid. 45:301 (March) 1951. Mosher, H. A.: Local Use of Cortisone 
in Ophthalmic Diseases, ibid. 45:317 (March) 1951. Fitzgerald, J. R.; Bellows, J. G.; 
Donegan, J. M.; Gamble, R. C.; Krause, A. C.; Mann, W. A.; Pearlman, M. D., and Zekman, 
T. N.: Early Clinical Results of ACTH and Cortisone Treatment of Ocular Diseases, ibid. 
45:320 (March) 1951. Woods, A. C.: Present Status of ACTH and Cortisone, Am. J. 
Ophth. 34:945 (July) 1951. 


4. Editorial, A. M. A. Arch. Ophth. 45:365 (April) 1951. 
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FINE-GOODWIN—LOCAL 


principal effect of cortisone is to block the inflammatory responses to infection or 
to various allergens or irritants, and that it is not a specific one, the occurrence of 
relapses does not necessarily argue against a therapeutic effect. On the contrary, 
the appearance of a relapse, if it is associated with the termination of cortisone 
therapy or a reduction in dose, argues for a real therapeutic effect. 


The blocking effect of cortisone apparently does not become manifest in an “all- 
or-none” manner. An insufficient dose may produce no effect, or a very slight, 
effect, on the signs of inflammation, while a more adequate dose may result in 
further improvement and a still greater dose in complete remission, On the other 
hand, the very prompt effect of cortisone applied topically in relieving the pain, 
photophobia, and vascular congestion of certain diseases of the anterior segment, 
sometimes in a matter of a few hours, indicates that an adequate concentration of the 
drug in the tissues may be reached very readily by local application. 


Problems of dosage and methods of local administration have still to be solved. 
It is desirable, of course, to establish the smallest effective dose for the various 
methods of administration. For this reason, it will be noted that considerable varia- 
tion exists in the doses given to the patients reported in this paper. 


ADMINISTRATION 


METHOD OF 


Topical Administration —The earliest patients in our series were treated by 
instillation of cortisone acetate in a dilution of 1:4. As a few therapeutic failures 
appeared, the strength of the suspension was increased until it was given undiluted 


(25 mg. per cubic centimeter). To the more recent patients cortisone was adminis- 
tered in full strength at hourly intervals during the acute stage of the disease. As 
the patient improved, the frequency of admnistration was decreased to once every 
two to four hours. For a few patients, whose treatment had to be maintained for 


long periods, the cortisone was diluted 1:2 or 1:3. Such maintenance therapy was 
given at intervals ranging from one hour to three times daily, depending on the 
severity of symptoms. Full-strength cortisone produces only mild irritative symp- 
toms, if any at all. 

Subconjunctival Injection and Injection into Tenon’s Capsule-—Patients treated 
with subconjunctival injection of cortisone received from 0.05 to 0.2 cc. (1.25 to 5.0 
mg.). The same amounts were used for injection into Tenon’s capsule. The latter 
method of administration was chosen for certain patients with diseases of the pos- 
terior segment of the globe when it appeared that the other methods of administration 
were ineffective. Such a subconjunctival deposit of cortisone remains visible from 
5 to 10 days. The rate at which it is carried away varies with different patients. 
Although this rate of disappearance of the cortisone suspension cannot be interpreted 


as representing its absorption into the eye, it was adopted by us as a guide, for want 
of a better one, to the frequency with which injections were to be administered. 
A mild hyperemia is usually present about the site of injection, but no patient has 


complained of pain or serious discomfort. 


RESULTS 


Tables | to 8 present our observations on various diseases of the eye treated with 
The results have been tabulated under three categories: 1. 


cortisone locally. 
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Taste 1.—Diseases of Conjunctiva Treated Locally with Cortisone 


Definite Doubtful 
No. of Therapeutic Therapeutic No Therapeutic 
Diagnosis Cases Effect Effect Effect 
(Case 1) 
Allergic conjunctivitis with dermatitis.......... 2 2 oe 


(Cases 2 and 3) 


Taste 2.—Diseases of Cornea Treated Locally with Cortisone 


Definite Doubtful 
‘ No. of Therapeutie Therapeutic No Therapeutic 
Diagnosis Cases Effect Effect ffect 
Marginal ulcers (bacterial hypersensitivity)... .. 5 5 
(Cases 5, 6, 20, 
\ 24, and 31) 
i Superficial punctate keratitis (epithelial)........ 3 
i (Cases 23, 27, 
and 34) 
: Epidemic keratoconjunctivitis (subepithelial 2 1 1 
corneal lesions) (Case 14) (Case 18) 
; (Case 17) 


(Cases 12, 15, 22, 
and 25) 
1 1 
(Case 8) 
Parenchymatous keratitis (nonsyphilitie) 5 5 
(Cases 10, 11, 16, 
19, and 29) 


Metaherpetic keratitis 


Mustard gas keratitis 


(Case 9) 

| ci 2 oo 2 
| (Cases 4 and 26) 

Keratoconus (corneal edema and epithelial 1 1 
i erosions) (Case 7) 

Herpes soater beratitis... 2 1 1 

(Case 30) (Case 13) 
Epithelial keratitis with psoriasis............... 1 ee ee 1 


Recurrent erosion of cornea 2 1 
(Case 33) 


31 19 7 5 


TaBLe 3.—Diseases of Sclera Treated Locally with Cortisone 


Definite Doubtful 
No. of Therapeutic Therapeutic No Therapeutie 
Diagnosis Cases Effect effect Effect 
(Case 35) 
Seleritis, recurrent ........... 3 1 1 
(Case 36) (Case 39) (Case 37) 
Seleritis, tuberculous ..... 1 1 
(Case 38) 
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TasBLe 4.—Anterior Uveitis Treated Locally with Cortisone 


Definite 
Therapeutic 
Effect 


Doubtful 
Therapeutic 
Diagnosis Effect 
Acute nongranulomatous iridocyelitis associated 1 
with rheumatoid arthritis (Cases 41, 42, 43, (Case 46) 
47, 58, 66, 80, 
and 81) 
Acute nongranulomatous iridoeyelitis, undeter- 6 2 
mined cause (Cases 44, 45, 61, 
63, 64, and 67) 
Acute iritis associated with Reiter's syndrome. . 
with rheumatoid 


Chronic uveitis associated 


arthritis 
Chronic uveitis, tuberculous 


1 
(Case 56) 


1 1 
(Case 50) (Case 76) 
Chronic uveitis—sareoidosis 1 1 
(Case 52) (Case 62) 
Chronic cyclitis ee 


Chronie uveitis, undetermined cause 6 
(Cases 68, 73, 74, 
75, 77, and 78) 


1 
(Case 51) 


(Cases 59 and 65) 


No Therapeutic 
Effect 


2 
(Cases 40 
and 48) 


1 
(Case 70) 


1 
(Case 60) 


8 
(Cases 53, 
and 55) 


2 
(Cases 57, 69, 
and 79) 


Definite 
Therapeutic 
Effect 


Doubtful 

No. of Therapeutic 
Cases Effect 

5 ee 2 

(Cases 85 
and 87) 


Diagnosis 
Choroidoretinitis, tuberculous 


Choroidoretinitis, undetermined origin 1 
(Case 86) 


Disciform macular degeneration 


0 


No Therapeutic 
Effect 


3 
(Cases 88, 84, 
and &&) 

2 
(Cases 89 
and 92) 

2 
(Cases % 
and 91) 


7 


Definite 
Therapeutic 
Effect 


Doubtful 
Therapeutic 
Diagnosis Effect 
ophthalmitis 3 
(Cases 93, 94, 
and 95) 


3 


No Therapeutic 
Effect 


Definite Doubtful 
Therapeutic Therapeutic 
Diagnosis Effect Effect 


Lridocyclitis due to lens debris és 
(Cases %, 97, 
101, and 102) 
Endophthalmitis phacoanaphylactiea 2 2 
(Cases 9&8 
and 99) 
Postoperative iritis we 1 
(Case 103) 


1 
(Case 100) 


* Cases of sympathetic ophthalmitis are excluded. 
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No Therapeutic 
Effect 


2 
(Cases 104 
and 105) 


= 

9 

(Cases 49 

and 71) 

1 

ee (Case 72) 

Total 16 13 18 

Taste 5.—Choroidoretinal Diseases Treated Locally with Cortisone 

sa (Case 82) 
a TABLE 6.—Sympathetic Ophthalmitis Treated Locally with Cortisone 
Sympathetic 

7.—Postoperative Inflammations Treated Locally with Cortisone* 

ee 

Edema of corneal transplant.................... 1 | 

= 
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“Definite therapeutic etfect’’ includes those cases in which are fulfilled the criteria 
set forth above. 2. “Doubtful therapeutic effect’ includes those cases in which 
improvement occurred, but in which the degree of improvement or the rate of 
improvement was not greater than might be expected with other forms of treatment 
or with no treatment, or in which an initial marked improvement was not maintained 
under therapy. 3. “No therapeutic effect” includes those cases in which there was 
no improvement and in which the natural course of the disease was uninfluenced. 
( The case numbers under the three categories refer to the cases listed in a table in 
which brief summaries of the cases were included and which was deleted because of 


lack of space.) All patients included in this report were observed in person by one 
or both of us. 


Tas_e 8.—Traumatic Lesions Treated Locally with Cortisone 


Definite Doubtful 
{ No. of Therapeutic Therapeutic No Therapeutic 
Diagnosis Cases Effect Effect Effect 
Contusion of globe with intraocular hemorrhage 2 oe ee 2 


(Cases 106 
and 118) 
Perforating wound with intraocular hemorrhage 8 8 
(Cases 110, 111, 
112, 113, 114, 115, 
116, and 117) 


Perforating wound with retained intraocular 4 
toreign body (nonmagnetic)................... 4 aa “a (Cases 107, 108, 
109, and 119) 
Perforating wound with adherent leucoma and 


1 (Case 120) 
(Case 121) 
BOCA 16 2 0 MM 


COM MENT 


Conjunctival Diseases —Only three patients with diseases of the conjunctiva 
were treated. Two of these had severe allergic conjunctivitis associated with contact 


dermatitis. In both patients prompt and dramatic improvement in the ocular symp- 
toms followed treatment. The third patient, with vernal conjunctivitis of 6 years’ 
duration, had relief from itching and burning, but the large follicles remained after 
two months of treatment. 


Corneal Lesions.—The small marginal corneal ulcers, often arranged in chains 
about the limbus, associated with bacterial hypersensitivity, usually to the Staphy- 
lococcus, displayed the most dramatic response to topical treatment with cortisone. 
The patients were relieved of their distressing pain and photophobia within a few 
hours after treatment was begun, and the lesions were healed in 48 hours. No 
definite therapeutic effect could be observed in patients with superficial punctate 
(epithelial) keratitis. This absence of effect was considered significant, since the 
condition has often been suspected of being allergic in origin. 

A patient (Case 14) with bilateral subepithelial infiltrates six months after 
epidemic keratoconjunctivitis showed striking disappearance, reappearance, and final 
disappearance of the corneal lesions concurrently with the institution, cessation, and 
reinstitution, respectively, of topical cortisone therapy. Only one patient (Case 28) 
with acute dendritic keratitis was treated with cortisone without having the therapy 
confused by other treatments. No definite therapeutic effect was seen in this 
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patient or in several other patients who received cortisone in combination with other 
treatments. However, in four patients with disciform keratitis (Cases 12, 15, 22, 
and 25) and in one with metaherpetic ulcer (Case 8) distinct improvement resulted 
from local cortisone therapy. One of the patients with disciform keratitis improved 
initially after a subconjunctival injection of 1.25 mg. of cortisone, and then relapsed. 
After topical cortisone therapy was instituted, the improvement was maintained and 
the lesion healed. 

This observation of a beneficial effect of topical cortisone therapy upon disciform 
keratitis and metaherpetic keratitis is of particular interest in view of the apparent 
absence of any therapeutic effect upon dendritic keratitis, which is often the fore- 
runner of these conditions. Leopold, Hallet, Thygeson, and others ° have described 
the aggravating effect of cortisone upon experimental virus infections and have 
warned of the possible danger of using the hormone in virus infections of the eye. 
The response of disciform keratitis and metaherpetic keratitis suggests the pos- 
sibility that these conditions represent allergic responses to the herpes virus which 
are alterable by cortisone therapy. 

In the topical treatment of corneal diseases with cortisone, we have encountered 
a complication which may be a contraindication to such therapy: In a_ patient 
(Case 32) with a recurrent erosion of the cornea a typical dendritic ulcer developed 
after topical treatment with cortisone for four months. In another patient (Case 33), 
with disciform keratitis, a dendritic ulcer developed after about three weeks of 
topical cortisone therapy, when the disciform lesion appeared to be improving. 
Cortisone therapy was discontinued in these cases, and the dendritic lesions were 


treated with iodine. These cases suggest that the hazard of activation of the herpes 
virus by cortisone, as suggested by Thygeson, may be a real one, to be considered 
when treatment with cortisone is contemplated. 


Two patients with diffuse keratitis and iritis following herpes zoster ophthal- 
micus were treated topically with cortisone. Although there were definite symp- 
tomatic and visual improvement and control of the iritic process, localized corneal 
infiltration and edema persisted in both patients during several months of observa- 
tion. 

A striking therapeutic effect from local application of cortisone was observed in 
cases of nonsyphilitic deep keratitis. Of the five patients treated, a diagnosis of 
tuberculous deep keratitis was established for two on the basis of a local and focal 
reaction to tuberculin. In all five the infiltration of the corneal stroma showed 
striking improvement within 48 hours and went on to complete clearing in 1 to 
2 weeks. 

In a small group of corneal degenerations, including marginal degeneration 
following injury with dichlorodiethyl sulfide (mustard gas), Fuchs’s dystrophy 
(dystrophia epithelialis corneae), and keratoconus, no definite benefit was noted 
from cortisone therapy. This lack of response was not unexpected in view of the 
degenerative nature of these conditions. 


5. Hallet, J. W.; Leopold, I. H.; Vogel, A. W.; Cannon, E. J., and Steinmetz, C. C.: 
Treatment of Experimental Herpes Simplex Keratitis in the Rabbit, A. M. A. Arch. Ophth. 
46:33 (July) 1951. Hallet, J. W.; Leopold, I. H., and Steinmetz, C. J.: Effect of Systemic 
Cortisone and Corticotrophin (ACTH) on Experimental Herpes Simplex Keratitis, ibid. 
46:268 (Sept.) 1951. Thygeson, P.; Geller, H. O., and Schwartz, A.: Cortisone in Experi- 
mental Herpes-Simplex Keratitis, Am. J. Ophth. 34:885 (June) 1951. 
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Scleritis.—Five patients with scleritis were treated. In only two of these were 
we certain of a therapeutic effect. One of these was a patient for whom a diagnosis 
of tuberculous scleritis was made on the basis of a severe local and focal reaction 
following administration of 0.1 cc. of a 1: 10,000 dilution of old tuberculin U. S. P. 
After administration of 2.5 mg. of cortisone subconjunctivally there was clearing of 
the inflammation in three to four days. The second patient had bilateral sclero- 
keratitis, recurring over a period of four years. The duration of the attacks had 
been three weeks. The present episode, treated with subconjunctival injections of 
cortisone, was terminated in five days. It is of interest that in another patient with 
nodular scleritis (Case 39), a new nodule developed while he was being maintained 
on cortisone therapy, and the result was classified as doubtful. This patient had 
also had a mild sclerosing keratitis, which cleared in 24 hours after topical applica- 
tion of cortisone was begun. 

Anterior Uveitis—As noted in previous reports, anterior uveitis, particularly 
the acute nongranulomatous form of iridocyclitis, offers one of the most valuable 
fields for local cortisone therapy. The use of cortisone in recurrent iritis has effected 
a tremendous saving of time and money for these patients, as well as of vision. 
Many patients who prior to the advent of cortisone would have been hospitalized 
for one to two weeks have been able to remain at home, and even at work, under 
topical cortisone therapy. Twenty patients with acute iridocyclitis were treated in 
this series. Eleven of these patients had rheumatoid arthritis. Fourteen of the 20 
patients responded dramatically to local use of cortisone. Only three showed no 
beneficial effect from such treatment. This apparent failure of the hormone in 
some instances has been noted by other authors and has been commented upon 
recently by Woods. 

In our series of patients with acute iridocyclitis there was evident no significant 
difference in the response of patients with rheumatoid disease and that of patients 
with iridocyclitis from other causes. The usual course in all such patients with 
acute uveitis was a notable improvement in the symptoms and signs in about 48 
hours. This was followed by a period of a week to 10 days during which the eye 
remained relatively pale and free from pain, but with persistence of a moderate 
number of cells in the aqueous and a faint aqueous ray. At the end of 7 to 10 days 
all evidence of inflammation had usually subsided. It is of particular interest that 
posterior synechiae which have not responded to strong mydriatics, or even to sub- 
conjunctival injections of epinephrine, cocaine and atropine, may become freed 
under cortisone therapy. In one patient (Case 42) all mydriatics were withheld, 
despite the presence of numerous dense synechiae. These disappeared after 72 
hours of topical use of cortisone, and the pupil could then be dilated freely with 
eucatropine. 

We were not able to convince ourselves of any consistent therapeutic response 
to local use of cortisone in patients with chronic uveitis. Of 20 such patients who 
were treated, only two showed effects which could definitely be attributed to the 
use of cortisone. In one patient, with tuberculous uveitis and keratitis, there was 
definite clearing of the cornea coincident with the cortisone therapy. A second 
patient, with sarcoidosis, showed a decrease of keratic precipitates and of the 
aqueous ray. In neither patient was there a complete remission. These observations 
are similar to those which have been made in cases of chronic uveitis after systemic 
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treatment with corticotropin or cortisone. The value of these agents in chronic 
uveal disease appears to be limited to the control of the more acute exacerbations 
which may appear in the course of the disease. 

Diseases of the Choroid and Retina—This group included five patients with 
clinical tuberculous disseminated choroidoretinitis, three patients with choroido- 
retinitis of undetermined cause, and three patients with disciform degeneration of 
the macula. We were not able to convince ourselves of a definite therapeutic effect 
from cortisone administered subconjunctivally or into Tenon’s capsule in any of 
these patients. 

In patients with choroidoretinitis, treatment was undertaken only during periods 
when active inflammation was observed in the fundus. Three of these patients have 
been recorded as showing a doubtful therapeutic effect from local cortisone therapy 
(Cases 85, 86, and 87). In these the active process subsided in a period of three to 
four weeks. One of these patients showed a relapse in the eighth week, while he 
was still receiving cortisone therapy. 

Sympathetic Ophthalmia.—Three patients with sympathetic ophthalmia—two 
following complicated cataract extractions and one following a perforating injury— 
received local cortisone therapy after initial systemic treatment. In all three patients 
the control of the inflammation achieved under systemic cortisone treatment was 
maintained well under local treatment. All our patients had to be kept under treat- 
ment for a year or more. Attempts to discontinue treatment sooner resulted in 
relapse within a few days. One of these patients (Case 94) has been maintained 
on weekly subconjunctival injections. It is of interest that the posterior-segment 
involvement of sympathetic ophthalmia can be controlled with local use of cortisone, 
whereas such local therapy has been found ineffective in other forms of chronic 
posterior uveitis. 

Postoperative Inflammations.—Local treatment with cortisone was found to be 
effective in the control of severe iridocyclitis due to the presence of lens cortex in 
extracapsular cataract extractions. In the four cases reported in Table 7 the capsule 
had been torn during an attempted intracapsular operation and considerable lens 
debris remained. In all four striking improvement occurred within 24 to 48 hours 
after topical cortisone treatment was instituted. A similar prompt response was 
observed in two cases of phacoanaphylactic endophthalmitis. In one of these the 
complication followed a second extracapsular cataract extraction; in the other it 


followed discission of a partially resorbed lens. In three cases of postoperative 
iritis, two after intracapsular cataract extraction and one after cyclodialysis, sub- 
sidence of the inflammation occurred. 


Traumatic Lesions.—The traumatic conditions included in this review were all 
very serious injuries for which the prognosis was very poor. Fourteen of the 16 
patients were war casualties under treatment at Letterman General Hospital. 
Definitive treatment had been begun overseas from 10 to 20 days earlier, so that 
these patients represented a group of the most serious ocular injuries short of injury 
requiring immediate enucleation. Cortisone treatment of these patients was under- 
taken in the hope that it might reduce the inflammatory reaction associated with the 
severe intraocular hemorrhage or retained foreign bodies. The latter were all 
nonmagnetic bodies, chiefly stone. Because of the poor prognosis for vision, the 
results in this group of patients were evaluated on the basis of any amelioration of 


4 

= 


7% A. M. A, ARCHIVES OF OPHTHALMOLOGY 


the irritative signs, rather than of the final outcome. No improvement which could 
be attributed unequivocally to the cortisone therapy was observed in any of the 14 
patients. All but two of these patients were treated subconjunctivally. Two of the 
patients with traumatic lesions who were treated with cortisone showed a definite 
response to the hormone. One of these (Case 120) was a young man with a per- 
forating injury in which the lens had been penetrated. There was a large adherent 
leucoma, and lens debris could be seen in contact with the posterior surface of the 
cornea. Severe irritability had been present during the four months from the time of 
the injury. Three days after topical use of cortisone was begun, there were great 
improvement in the irritation and definite clearing of the cornea. The improvement 
in this case was ascribed to control by the cortisone of phacotoxic reaction resulting 
from the perforation of the lens. The second patient (Case 121) was one with a 
moderately severe alkali burn of the cornea and conjunctiva from 50% sodium 
hydroxide. After early irrigation of the eye, he was given topical cortisone therapy 
for three weeks. The final outcome, without corneal or conjunctival scarring, with- 
out symblepharon, and with no visual impairment, was unexpected in such a serious 
burn. 
SUM MARY 

Results —The results of local treatment with cortisone therapy of a series of 
121 patients with various inflammatory, allergic, postoperative, and traumatic ocular 
disorders are reviewed. Of this group, 50 showed what was interpreted as a defi- 
nite therapeutic response ; 29, a doubtful or equivocal therapeutic response, and 42, 
no response. The most consistent therapeutic effects were observed in cases of 
marginal corneal ulcer due to bacterial hypersensitivity, disciform keratitis, non- 
syphilitic parenchymatous keratitis, allergic conjunctivitis, acute nongranulomatous 
iridocyclitis, sympathetic ophthalmia, postoperative iridocyclitis due to lens debris, 
and endophthalmitis phacoanaphylactica. Other conditions appeared to respond 
favorably, but the number of patients observed was not large enough to warrant a 
conclusion. 

Relapses were noted in 18 of the 121 patients after cessation of therapy. When 
a patient showed a definite initial therapeutic response, we have interpreted such a 
relapse following withdrawal of cortisone as confirming the effectiveness of the drug. 
One patient, who had received cortisone topically for approximately four months, 
presented a remarkable complication while under treatment. This consisted of a 
typical dendritic ulcer in the region of an old central corneal opacity. Another, 
treated for disciform keratitis with topical application of cortisone, had onset of a 
dendritic lesion after three weeks of local treatment, while the disciform lesion was 
improving. 

Reactions.—Other than slight transient local irritation or a stinging sensation 
with topical application of cortisone, and slight local, transient edema with subcon- 
junctival administration, no significant side-effects of local cortisone therapy were 


observed. Several patients showed small ecchymoses at the site of subconjunctival 
injection. These lesions were believed to be due to the trauma of the injection, rather 
than to a chemical effect of the drug. 


Dosage.—Clinical experience with the local use of cortisone has demonstrated 
that it is not possible to establish a fixed dosage schedule suitable for all patients. 
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In general, an initial intensive dosage for a period of five to seven days may be 
followed by a gradual reduction in frequency and strength of application until a 
maintenance dose is reached. A period of about five days at each dosage level will usu- 
ally suffice to determine the effectiveness or noneffectiveness of that particular level. 
The presence of a subconjunctival mass of cortisone does not guarantee an adequate 
intraocular concentration. In some patients the addition of topical cortisone therapy 
was followed by an improved response. In this connection, it should be pointed out 
that a wetting agent to improve the absorption of cortisone, as suggested by Leopold 
and associates, was not used in our patients. 

No variation in the dosage requirement due to differences in age levels has been 
noted. The important factors influencing the dosage requirement are (1) the loca- 
tion of the inflammation (whether anterior or posterior), (2) the type of inflam- 
mation, and (3) the severity. The minimal effective dose of cortisone varies 
considerably in different patients and in different conditions and must be determined 
by trial. Certain inflammations have not geen controlled by topical use of cortisone 
in a dilution of 1:2 or 1:4, but have responded to full-strength cortisone used 
topically or injected subconjunctivally. Thus, the use of commercial preparations 
containing 5 mg. of cortisone per cubic centimeter may not be adequate to control 
the severer ocular inflammations. 

The necessary duration of local cortisone treatment will vary considerably 
with different diseases. Certain patients with conditions such as sympathetic 
ophthalmia or herpes zoster ophthalmicus may require a maintenance dose for many 
months and will have a recurrence or an aggravation of the uveitis or keratitis when 
local cortisone treatment is discontinued. There does not seem to be any appreciable 
loss of effectiveness of the drug in re-treatment when it has been effective initially, 
nor have we observed the development of tolerance, The prolonged administration 
of small or large maintenance doses of cortisone has been of great value in certain 
cases in which the disease has followed a prolonged chronic course. Patients with 
uveitis whose eyes responded well to systemic cortisone therapy were subsequently 
maintained on topical therapy without relapse. 

Limitations.—It cannot be emphasized too strongly that cortisone is not a cura- 
tive agent. Its action is to alleviate symptoms and to reverse certain inflammatory 
signs. To the extent that it may prevent the appearance of irreversible tissue 
changes, it may be said to be therapeutic. In those cases in which there is a bacterial 
or viral origin, the proper chemotherapeutic or antibiotic agent must be administered 
to effect a cure. Otherwise, the severity of the infection may be masked, to recur 
with greater virulence when the cortisone is withdrawn. In those cases in which 
hypersensitivity is the etiologic factor, such as drug reactions or contact dermatitis, 
the specific allergen must be eliminated or specific desensitization must be under- 
taken. 


While we know of no absolute contraindications to local cortisone therapy, until 
further clinical and experimental data become available, cortisone should be used 
with caution and under extremely careful observation in cases of (1) acute or chronic 
pyogenic infections, (2) tuberculous disease, (3) acute virus infections, and (4) 
early postoperative conditions in which prompt wound healing is essential. 
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Clinical Notes, New Instruments and Techniques 


A NEW OPERATING PHANTOM FOR ANIMAL-EYE SURGERY 


FRANK A. VESEY, M.D. 
SCHENECTADY, N. Y. 


HIS operating phantom was designed for the use of excised animal eyes in 

teaching or practicing intraocular operations. It eliminates the embarrassing 
release of eyes from fixation at the most critical moments. Intraocular tension 
is not at all influenced. The position of the eye can be selected according to need, 
and fixation can be varied from complete motility to absolute stability by selection 
of placement of the four fixing sutures and variation of tautness. The phantom 
consists of a drum, a square of muslin, and a ring provided with two setscrews 
(Figure, 4). The muslin square is stretched on the drum by the aid of the ring, 
and the two setscrews are lightly tightened to prevent slipping of the muslin 
(Figure, B). 


A, parts of operating phantom, including ring with setscrews, drum, and muslin square. The 
needle and clamp-type needle holder are used to suture eye onto the stretched muslin. B, muslin 
square stretched on drum. Fixing of the animal eye by sutures has been started. C, animal eye 
fixed by four household-cotton sutures, ready for operation. 


The globe is sutured onto the muslin by four sutures, using black household 
cotton thread armed with a 34-in. (1.9-cm.) round surgical needle (Figure, C). 
The muslin square can be used an unlimited number of times. 

The four sutures can be placed in the four rectus tendons, or behind these if 
more motility is desired in the sclera. It takes only two or three minutes to place 
the four sutures, and the eye is ready for operation. The adnexa can be simulated, 
if desired, by a soft-rubber sheet fixed over the eye on the drum by a rubber band. 
The model photographed was made up by the George Tieman: Company, New 
York. 


1545 Union St. 
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Registry of Interesting Cases 


It is the purpose of this section to record cases on the basis of interest only. No complete 
review of the literature is attempted and no claim for priority is implied except when specifically 
stated. Publication of case reports is subject to the concurrence of the Editorial Board on the 
interesting aspects of the case. It is requested that the reports submitted be as brief as is con- 
sistent with inclusion of the pertinent facts, bear a title that is as specific as possible, be prefaced 
by a paragraph that states why the author feels the case is of interest and be accompanied with 
photographs whenever possible. 


NEMATODE CHORIORETINITIS 
Report of a Case, with Photographs of a Viable Worm 


From a review of the literature at hand, it is believed that this case is the first 
in which a viable subretinal worm has been photographed and reported. 


On March 19, 1949, J. E. C., a single white man aged 25, was seen, complaining of loss of 
vision in his right eye. The loss of vision had been detected only the day before, during an 
annual physical examination for the reserve Army. Six months prior to this date, when he was 
being examined for insurance, his vision was 20/20 in each eye. 

Examination of his eyes revealed that vision was 6/200 in the right eye and 20/20 in the left 
eye. He was unable to read with his right eye, while with his left eye he read Jaeger type. 
Externally the eyelids and eyes appeared normal. The pupils reacted properly to light and in 
accommodation, and the anterior chambers were of normal depth. Intraocular tension was 
16.5 mm. (Schigtz) in each eye. 

The pupils were dilated with homatropine; while the left eye was normal, the right eye 
presented almost complete destruction of the macula area. There were no vitreous opacities; in 
view of the recent severe chorioretinal disturbance, this absence of vitreous opacities seemed 
unusual, 

The retinal and choroidal lesions at that time were thought to be granulomatous, and an 
extensive search for foci was made. Routine blood cell counts were normal. Serologic tests 
for syphilis, brucellosis, and toxoplasmosis all gave negative reactions, as did skin tests for 
brucellosis and tuberculosis. Stool examinations revealed nothing abnormal. No dental focus 
of infection was detected and roentgenograms of the sinuses and optic foramina showed a normal 
condition. 

On April 26, during examination of the retinal lesions, a small, white, thread-like mass was 
seen to move itself from the form of a circle into a figure eight, then into a figure six, and then 
back into a circle. The moving object was examined under the binocular ophthalmoscope and 
indentified as a worm. It was evidently subretinal and seemed to underlie a fork in the retinal 
vascular system just below the macula. It was about 1 disk diameter in length, was white and 
nonsegmented, and tapered at each end. On occasion it was extremely active, the two ends 
apparently being equally active. The worm was observed once or twice each week. As a 
retinal camera was not available in Tampa at that time, pictures could not be taken. 

Dr. Ernest Carroll Faust, of Tulane University of Louisiana School of Medicine, was 
contacted in March, 1950. At that time he had only recently seen some of the slides containing 
retinal nematodes which Dr. Helenor Wilder had prepared, and on which she based her paper, 
“Nematode Endophthalmitis,” given at the Academy meeting in October, 1950. Dr. Faust con- 
cluded at once that this parasite, too, was a nematode, and probably an immature Ascaris. Stool 
examinations again revealed no parasites. Blood tests for filariae gave negative results. The 
patient had never been in the tropics, and during World War II did his overseas duty in France, 
chiefly in Paris. We have considered the worm an immature Ascaris since receiving Dr. Faust’s 
opinion and since the publication of Dr. Wilder’s paper. 


799 


= 

a 
ar: 

$ 

5 


800 A. M. A. ARCHIVES OF OPHTHALMOLOGY 


The werm has been observed in many areas of the fundus. On occasion it becomes lost and 
frequently several weeks will pass before it again becomes visible. The patient has undergone 
various forms of medication in an effort to destroy the worm, but none has been successful. At 
one time, when the worm was in the lower outer quadrant it was thought that it could be 
destroyed by use of diathermy pins and barrage of the area in which it was located and that one 
could be certain of its destruction by direct observation. This was not accomplished, as on two 
occasions the worm moved from the periphery to a more central area within a few hours prior 
to operation. The worm has apparently remained of the same size during the three years it has 
been under observation. It is hoped that later the worm can be safely reached with diathermy 
needles. The eye still has 6/200 vision. 


A, one of the first pictures taken of the subretinal worm (March 6, 1951). Note the extensive 
destruction of the macular area. The worm would be seen to flip into a figure eight, a circle, 
a figure six, an S shape, etc. 3B, one of the second group of pictures, taken on March 9. The 
worm is shown in the area below the disk. C, picture taken on March 15. A different position 
of the worm is clearly shown. 


A retinal camera became available to ophthalmologists in Tampa in February, 
1951. Since then numerous pictures of the worm have been taken. The ones con- 
sidered good and fairly good are presented in this paper. It is regrettable that all 
kodachrome® prints failed to show the worm, regardless of how clearly it could be 
portrayed in black and white. 


Hvucu Parsons, M.D. 
442 W. Lafayette St 
Tampa, Fla 


Annual Reviews 


OPTICS AND VISUAL PHYSIOLOGY 
KENNETH N. OGLE, Ph.D. 
ROCHESTER, MINN. 


REFRACTION 

URING the past year few papers describing significant advances in refractive 

procedure have appeared in the literature. Tait’ has published a new text- 
book on refraction, the principal merit of which is the discussion of the influence of 
the associated functions of accommodation and convergence, and of the heterophorias 
on the determination of the best refractive prescription for the patient. Also of 
value is a manual of instructions ? for the Ortho-Rater in determining visual acuities, 
heterophorias, stereopsis, and color vision, based on the results of considerable 
research published by the Armed Forces-National Research Council Visien Com- 
mittee Secretariat. 


The question of whether the determination of the power and axis of an asiigmatic 
error with the cross-cylinder technique was more accurate when the visual acuity 
was maintained at 20/30, 20/20, or maximal was studied by Frank.* He found that 
the accuracy of power was the same for all but that the axis could be determined 
with higher precision when maximal visual acuity had been obtained. The cylinder- 


rotation test, which can be used in retinoscopic determination of the correct axis of 
the cylinder, is recommended by Fantl.*. This well-known, but frequently forgotten, 
test is useful in determining astigmatic corrections in patients who cannot give 
answers to subjective tests. In this test, the cylinder is turned from the correct 
axis, and the accompanying “astigmatic band” is observed. As in all such tests, 
the higher the astigmatic error, the easier the application of the test. Fantl, how- 
ever, claims it is useful even for small astigmatic corrections. 

Borsello ° modified the Stokes cylinder device, which consists of a 4+ D. plus 
cylinder and a compensating minus cylinder mounted in the same ring and so 
arranged that they can be rotated as in the rotary-prism device, thus permitting a 
continuous change in astigmatic power, by using 2 D. instead of 4 D. lenses. He 
recommends the device to increase speed and accuracy when one is determining the 
astigmatic correction. 

Palazon * recommends that the determination of the final spherical correction be 
obtained with the patient using binocular vision. This recommendation is based on 


1. Tait, E. F.: Textbook of Refraction, Philadelphia, W. B. Saunders Company, 1951. 
2. Armed Forces-National Research Council Vision Committee Secretariat: Manual of 
Instructions, Armed Services Vision Tester, April, 1951. 


3. Frank, H. J.: An Experimental Study on the Cross-Cylinder Technique, Am. J. Optom. 
27:572-575 (Nov.) 1950. 


4. Fantl, E. W.: The Cylinder Rotation Test, Am. J. Ophth. 34:1730-1734 (Dec.) 1951. 


5. Borsello, G.: The “Compensating Cylinder” for the Correction of Astigmatism, abstracted, 
Rass. ital. ottal. 20:40-47 (Jan.-Feb.) 1951. 


6. Palazon, A.: La correccién binocular simultanea de las ametropias, Arch. Soc. oftal. 
hispano-am. 10:957-963 (Sept.) 1950. 
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a study that originated when he found that a patient with only one good eve makes 
a greater accommodative effort than is necessary for the distance at which the eye 
is fixing. In the examination of many patients of all ages and refractive conditions, 
he found that the increased accommodative effort with one eye covered, as compared 
with that in binocular testing, was more pronounced in young patients and in hyper- 
opic persons than in older and in myopic patients. 

Adequate statistics on the frequency of refractive errors in groups of the popu- 
lation engaged in various professions are not readily available. Blum? examined 
more than 1,000 young men who were engaged in definite professional work. These 
subjects were divided into two groups, depending on whether their profession 
demanded unusually strong visual effort. The author found that 23% of those 
having high visual demands had bilateral myopia, whereas only 9% of those not 
subject to such demands had such myopia. It could not be determined, however, 
whether the visual status influenced the choice of profession or whether the profes- 
sion caused myopia. The author concludes, however, that visual demands do not 
cause the development of myopia. On the other hand, Parnell * found that a definite 
deterioration of visual acuity occurs in students at the university. The loss of visual 
acuity due to refractive errors was four times as great as in 18-year-olds in the 
general population. The rate of deterioration of visual acuity among those at the 
university varied considerably among individuals. 


NIGHT MYOPIA 
The cause of night myopia (the fact that the eye is apparently myopic under 
scotopic illuminations ) is still unsettled. Otero and associates * measured the sizes 
of the Purkinje images from film as photographed with high-speed flash illumination. 
The regular change in sizes of these images with accommodation for three subjects 
was first determined. With these three subjects then completely dark-adapted, the 
change in the sizes of these images was found to correspond to a mean accommo- 
dation of 1.25 D. This result was taken as proof that the principal cause of night 
myopia is the dioptric power corresponding to this “rest shape” of the crystalline 
lens. Rios '® suggests that persons with simple hyperopia of 1.8 to 2.0 D. are best 
suited for night flying. This is based on the view that the normal eye becomes 
myopic by about this amount when used in scotopic vision near the threshold of 
illuminations. However, Koomen and associates,'' using subjective tests with a 
high-contrast grating, found the correction with ophthalmic lenses for optimal visual 
acuity under various low levels of illumination. This correction was found to be 
between 1.5 and 2.0 D. of myopia, depending on the observer. Accommodation was 


7. Blum, J. D.: Myopie et profession, Ophthalmologica 121:163-166 (Feb.-March) 1951. 

8. Parnell, R. W.: Sight of Undergraduates: Loss of Visual Acuity, Brit. J. Ophth. 
35:467-472 ( Aug.) 1951. 

9. Otero, J. M.; Vigén, M. T., and Galvez, D.: On the Natural Position of the Crystal- 
line Lens and the Principal Cause of Nocturnal Ametropia, An. real. Soc. esp. fis. y quim. 
46A : 227-230 (July-Aug.) 1950. 

10. Rios, S. M.: Miopia nocturna y navegacion aérea, Arch. Soc. oftal. hispano-am. 10:1296- 
1302 (Dec.) 1950. 


11. Koomen, M.; Scolnik, R., and Tousey, R.: A Study of Night Myopia, J. Optic. Soc. 
America 41:80-90 (Feb.) 1951. 
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not a factor, as tests with homatropinized eyes showed. Experiments with artificial 
pupils and annular rings bore out the conclusions of the authors that night myopia 
was due to uncorrected spherical aberration. Hartridge '* had previously asserted, 
however, that only 0.3 D. of myopia could be accounted for on the basis of spherical 
aberration. Campbell '* summarizes very well the facts of night myopia, though 
he omits the work by Koomen and associates, just discussed. 


ANISEIKONIA 


Instruments with which it is hoped to simplify tests for aniseikonia are con- 
stantly being devised. Herzau '* describes three instruments: the horopter appar- 
atus, the Maddox-rod device of Brecher,’* and the usual space-eikonometer. None 
of these is now essentially new. The device used by Brecher basically employs the 
same method as that suggested by Miles.’® A split Maddox rod is placed before one 
eye, with the rods separated to give a narrow vertical slit. Through the slit binocu- 
lar vision and fusion of a central target are possible, while two points of light equally 


distant to the right and one to the left of the center target are seen as points to one 
eye and as lines to the other, owing to the Maddox rods. Essentially, then, the 
method is that of a direct-comparison eikonometer.'* The test as described is only 
for the horizontal meridian. No comparative data with a standard eikonometer 
or any adequate information on the sensitivity of the device is given. Certainly, the 
problem of heterophoria will affect the measurement, as it does with any direct com- 
parison method. How the test can be used to study aniseikonic errors at oblique 
axes is not clear. 

Measurements were made by Ripple and Wilson '* on 100 naval air cadets at 
Pensacola, on the space-eikonometer and with the Howard-Dolan depth-perception 
test. The results with the space-eikonometer showed 32 with no aniseikonic error, 
27 with an error of 0.25%, 28 with an error of 0.5%, 9 with an error of 0.75%, 
1 with an error of 1%, 2 with an error of 1.5%, and 1 with an error of 2.5%. These 
percentages are a little higher than those found in a previous test '® made with 
the direct-comparison eikonometer. No significant correlation was found between 
the eikonometer measurement and the mean position of setting of the movable rod 
of the Howard-Dolman test, either farther from or nearer to the fixed rod. The 


12. Hartridge, H.: Recent Advances in the Physiology of Vision: IIT. Brit. M. J. 1:1331-1340 
(June 10) 1950. 

13. Campbell, F. W.: Twilight Myopia, Optics, Sept., 1951. 

14. Herzau, Werner: Uber das beidaugige Sehen bei Anisometropie und Aniseikonie, Ber. 
Versamml. deutsch. ophth. Gesellsch. (1949) 55:277-280, 1950. 

15. Brecher, G. A.: A New Method for Measuring Aniseikonia, Am. J. Ophth. 34:1016-1021 
(July) 1951. 

16. Miles, P. W.: Factors in Diagnosis of Aniseikonia and Paired Maddox-Rod Tests, Am. 
J. Ophth. 30:885-897 (July) 1947. 

17. Ogle, K. N.: Researches in Binocular Vision, Philadelphia, W. B. Saunders Company, 
1950. 

18. Ripple, P. H., and Wilson, M. R.: Aniseikonia in Air Force Cadets and Its Relationship 
to the Howard-Dolman Depth Perception Test, Project No. 21-24-010, U. S. Air Force School 
of Aviation Medicine, Randolph Field, Texas, Aug., 1950, pp. 1-3. 
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proper elimination of empirical factors and the question of the proper procedure in 
giving the Howard-Dolman test must always be raised when one is considering such 
a type of testing project.*° 

It is reported by Hirtenstein *' that 13 of 88 consecutive patients with unilateral 
aphakia and good vision in the other eye had satisfactorily worn contact lenses for 
the correction of the aphakia. This result was attributed to the fact that the pris- 
matic deviation and the aniseikonia encountered with usual spectacle corrections had 
been eliminated or greatly reduced. 

The problems and suggested procedure in the dispensing of aniseikonic correc- 
tions are discussed by Fisher.** 

Certain aspects of the distortion of prisms in glasses, and in particular as this 
factor affects binocular stereoscopic spatial perception, are discussed by Miles.** 
He points out that part of this distortion can be eliminated by proper choice of base 
curve, depending on the prism power and the distance of the prism from the eye. 
The tables given for this base curve seem, to this reviewer, to be grossly in error, 
however. 

VISUAL ACUITY 


In a discussion of the relative merits of various targets for measuring visual 


acuity, Sloan ** has reviewed previous studies and, as of the present, concludes that 
familiar and suitably selected letters of equal legibility without serifs constitute the 
best available type of test objects. The effects of a loss of contrast of the black 
letters on the white background of as much as 16% and of a variation of luminance 
of background itself of even 25% are negligible. Visual acuity of each eye should 
be tested alone, the other being occluded ; binocular testing is considered unneces- 
sary. The problem of scale graduation between 20/20 and 20/100 still needs more 
investigation, especially from the point of view that steps should conform to equal 
dioptric differences in errors of refraction. In this connection Colenbrander * 
noted, in analyzing his data of a comparison of visual acuity before and after corneal 
grafting, that an improvement of visual acuity from 0.1 to 0.2 D. is of greater 
importance than a change from 0.9 to 1.0 D. To make these changes comparable 
and of equal importance, he suggests that the “valid” visual acuity be equated to the 
square root of the measured visual acuity as written in decimal form. That Snellen 
measurements of visual acuity as usually made are not an accurate indication of the 
degree of myopia was found by Rubin, Silverstein, and Silverstein.*° 


20. Wilner, B. I.; Weymouth, F. W., and Hirsch, M. J.: Distance Discrimination: VIII. 
Influence of Rod Brightness and Background Illumination in Howard-Dolman Test, A. M. A. 
Arch. Ophth. 45:523-527 (May) 1951. 

21. Hirtenstein, A.: Contact Lens in Unilateral Aphakia, Brit. J. Ophth. 34:668-674 (Nov.) 
1950. 

22. Fisher, H. M.: Dispensing the Iseikonic Correction, Optical J. & Rev. Optom. 88:62-69 
(Jan. 15) 1951. 

23. Miles, P. W.: Eliminating Distortion Due to Prisms in Glasses, Am. J. Ophth. 34: 
87-93 (Jan.) 1951. 

24. Sloan, L. L.: Measurement of Visual Acuity: A Critical Review, A. M. A. Arch. Ophth. 
45:704-725 (June) 1951. 

25. Colenbrander, M. C.: Discussion on Visual Acuity and Validity, Ophthalmologica 122: 
111-112 (Aug.) 1951. 

26. Rubin, L.; Silverstein, H. and Silverstein, I.: Significance of Snellen Acuity in Uncor- 
rected Myopia, Am. J. Optom. 28:484-488 (Sept.) 1951. 
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A study of the influence on visual acuity of increasing the height of the test 
symbols 5, 0, and E was made by Berger.** The threshold of legibility increased 
with increase in height, but less than in direct proportion. The reaction of the 
retina to the increased height of these symbols is believed to be similar to, and is 
probably due to, the increase in resolution of vertical bars with increasing length, 
and also to the increase in the vernier acuity obtained with displaced lines of increas- 
ing length. The relative thresholds for visual acuity of projected Landolt rings, 
Pfliiger (Snellen) hooks, and cipher charts with the Schweigger number test were 
studied by Monjé and Schober.** They projected the test detail from behind the 
test surface. An agreement of the results of the Schweigger and the hook test was 
found, and results of the cipher test and Landolt rings were in agreement; but since 
the Landolt ring has been selected as an international standard, to be made corre- 
spondingly equal, the hooks would have to be reduced in size about 15%. Time of 
exposure is an important factor, but exposures greater than 0.1 second only slightly 
increased visual acuity. Monjé** also found by projecting the Landolt ring for 
short periods that the product of visual angle and the exposure time for threshold 
acuity was constant in accordance with the Bunsen-Roscoe law. Likewise, in 
investigating visual acuity in short exposure times with colored test objects, 
Schwarz “’ found that the luminance versus exposure-time curves for threshold 
acuity were lowest for white and yellow and highest for blue. This influence of 
color could not really be attributed to chrematic aberration. The sequence of 
the curves is unchanged with background colors the same as the color of the test 
objects, but here the curves for red and green are lowest. 

When there is comparative isolation of the test lines of the Snellen visual-acuity 
test chart, Davage and Sumner *! have shown there is a statistically significant lower- 
ing of the perceptual threshold. With experimental and control groups of 50 sub- 
jects, the average number of letters read in charts with isolated lines was greater by 
15 to 20% than the number from ordinary charts, for either eye alone or binocularly. 
Along the same line, Miller ** found that the visual acuity of amblyopes was in 
many cases higher when tested on special charts on which the separation of the test 
letters was greatly increased. In some amblyopic subjects the increase in visual 
acuity increased regularly with increase in separation of letters. This fact of better 
acuity with isolated letters is generally well known, especially among orthoptic tech- 
nicians. The projection-type lantern for test targets is well adapted to this testing 
technique. 

The possibility of one’s developing objective visual-acuity tests by observing 
optokinetic nystagmus of the subject’s eyes while he views letters or characters on a 
rotating drum still receives attention. As long as the subject resolves the test detail, 
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Acta ophth. 28:423-434, 1950. 


28. Monjé, M., and Schober, H.: Vergleichende Untersuchungen an Sehproben fiir die 
Fernvisusbestimmung, Klin. Monatsbl. Augenh. 117:561-570, 1950. 
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31, Davage, R. H., and Sumner, F. C.: Isolation as a Factor in Lowering the Threshold of 
Visual Perception, J. Psychol. 30:191-194 (July) 1950. 
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nystagmoid movements can be observed. Bouman and associates ** modified the 
Goldmann apparatus by replacing the checkerboard type of detail on the drum by 
scattered holes to let light through from the back and by scattered black-ink dots, so 
that the over-all appearance of background and rotating drum seen through an aper- 
ture is the same. The authors find a good correlation between the results of this 
test and those of the standard Snellen chart test. Hugger ** reversed the principle of 
the test by projecting letters of variable size on a rotating drum that has alternate 
dark and white stripes. As long as the subject resolves the projected letter, the 
optokinetic nystagmus is prevented. As the size of the letter is reduced, until he no 
longer perceives it, optokinetic nystagmoid movements occur. 

Working in another direction, Ohm *° was able by similar apparatus to inhibit 
spontaneous nystagmus in certain cases by the superposition of optokinetic nystag- 
mus, and during the time of inhibition the visual acuity could be tested. 

More basic problems of visual acuity are to be found in studies of resolving 
power, which, in turn, depends on the distribution of light intensity in the retinal 
image and the modification of this by physiological factors. Using the data of Ivan- 
off, Frangon ** shows that in daylight vision the spherical and chromatic aberrations 
of the eye are negligible as compared with the physiological factors. Only when the 
diameter of the pupil is greater than 5 mm. does chromatic aberration begin to 
interfere. Arnulf and associates ** found the same calculated and experimental 
values in the resolving power of the eye for pupils of diameters less than 1 mm. 
With natural pupils the calculated values were smaller than the experimental values. 
The authors explain this discrepancy by assuming that microfluctuations of accom- 


modation occur which are not greater than 0.1 D. With a small point source of 
light, the variations in size and shape of the retinal image can be observed sub- 
jectively, a variation that is less evident when a weak mydriatic is used. By a 
photographic method and direct measurement, the size of the diffusion image is 
reported to be of the order of 2 minutes of arc. 


Using self-illuminated squares of different sizes (angular sizes, 12 to 230 seconds ) 
and of three colors (550, 600, and 650 mp) observed on a dark background, Loeve- 
nich ** measured the minimal angle of separability as influenced by size of the square 
and the time of exposure (1/50 second and longer) at the fovea and the parafovea 
(2 degrees). For the exposure of 1/50 second at the fovea, the minimal angle of 


Goldmann’s Apparatus for the Objective Determination of the Visual Acuity, Ophthalmologica 
122: 368-374 (Dec.) 1951. 
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35. Ohm, J.: Die objektive Sehscharfenbestimmung bei Nystagmus, Klin. Monatsbl. Augenh. 
116:646-650, 1950. 
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separability is independent of the size and color of the square. This finding is taken 
to imply that at the fovea every cone contains all three substances concerned with 
color vision. This is not true in the parafoveal regions. The author sees in his 
data evidence for the comparative ranges of wave lengths to which the cone sub- 
stances respond. 

The resolving power of two point sources was measured at various distances 
(greater than 2 meters) by Fiorentini.** In measurement of the light energy at the 
pupil for equal values of resolving power, equal values of energy were required. 
Ogle *° reported data in which the minimal angle of resolution was measured with 
point light sources seen against a background the luminance of which could be 
varied. He found that the minimal angle of resolution was dependent only on the 
ratio of the intensity (contrast) of point light sources to that of the background, and 
not on the illuminance of the background itself, and that this angle increased with 
contrast. The nearer the intensity of the point sources approached the luminance 
of the background, the lower was the minimal angle of resolution (the higher the 
resolving power), until below a certain contrast a constant minimal angle of reso- 
lution was found. 

At low scotopic levels of illumination the lower part of the Koenig visual-acuity- 
versus-illumination curve had never been reproduced or extended until recently. 
Morris and Dimmick *' employed psychophysical methods with six observers to 
study visual acuity in the range of illumination from 3.7 to 6.7 log ppL (—6.7 to —0.7 
log mL). They used the checkerboard-test pattern. In this range of illuminations 
the visual acuity was found proportional to the illumination, but the constant of 
proportionality was very low. The authors confirmed the finding that 6 log pal 
(—3 log mL) is the upper limit of illuminations for which scotopic acuity is uncon- 
taminated by photopic processes. Otero and —_ * considered that the visual 
acuity in this region was practically independent of illumination. They set the thresh- 
old for scotopic visual acuity between 3.7 and 2.2 log pul. (—6.7 to —7.2 log mL). 
Pratt and Dimmick ** found that nonastigmatic errors of between + 1.00 and —0.50 
D. had no influence on visual acuity under low illuminations (0.003 to 2 mL). 

An excellent review of the literature on peripheral visual acuity has been written 
by Low.** Starting with a historical account, he discusses the factors which influence 
peripheral acuity, namely, peripheral angle, meridian, type of test object, illumi- 
nation, individual differences, effect of practice, refractive conditions, color, viewing 
time, ocular movement, and psychological factors, as well as individual differences. 
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PERCEPTION OF LIGHT 


When the minimal intensity of light (/) necessary to cause a sensation of light 
was measured for various duration times (¢) of the light stimulus (a rectangular- 
wave pulse) for a point 15 degrees in the periphery of the retina, Long * found 
that for durations less than 0.10 second the product of / & f was a constant, in accord 
with the Bunsen-Roscoe (Bloch) law, but that above 0.10 second / remained 
constant, independent of the duration of exposure. This agrees with the results of 
previous experimentation. Long further found that variations in the wave form of 
the stimulus had no effect on the results. 

With foveal vision, the increase of light intensity for a given level of adaptation 
necessary for the increment to be seen by the human subject was measured by 
Mueller,*® using the psychophysical method of determining the percentage of times 
the subject detects the increment of light intensity for fixed steps of that increment. 
This was the method used to determine the least quantity of light energy necessary 
for perception. The slope of the curve (the frequency of seeing curve) given by 
plotting the percentage of times seen against the intensity of the light increment 
indicates the number of quanta involved in the visual process. The author found that 
the slope of these curves increases slightly with increase of intensity, then remains 
constant. No quantum theory so far proposed accounts satisfactorily for this 
phenomenon over the range of adapting intensities used (—1.45 to 4.45 log photons ). 

The retinal excitation and the particular patterns that are seen when the eye is 
exposed to a narrow beam of x-rays are accounted for by Ronchi * on the basis of 
fluorescence of the retinal substances, rather than on direct stimulation of the retinal 
elements themselves. 
ADAPTATION 

When the eyes of a subject are dark-adapted and then exposed to equally bright 
fields (6 foot-candles), but of various colors, at different times, then different times 
are required for the eyes to become dark-adapted again. Hulburt * found it 
required only 4 minutes when the eye was stimulated by red (650 mp) but 13 
minutes when stimulated by blue (450 mp). When the dark-adapted eyes were 
exposed to equally bright white and red of low intensities, the times required for 
the eyes to be adapted again were nearly the same; but for high (100 foot-candles ) 
intensity the time for white was three times that for red (seven minutes). [Exposure 
to ultraviolet light (360 mp) had little effect on the adaptation level. Zigler and 
associates,"” however, found in the measurements of the course of dark adaptation 
that the thresholds for dark adaptation were raised when the eyes had been exposed 
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Time Relation in the Peripheral Retina, J. Optic. Soc. America 41:743-747 (Nov.) 1951. 

46. Mueller, C. G.: Frequency of Seeing Functions for Intensity Discrimination at Various 
Levels of Adapting Intensity, J. Gen. Physiol. 34:463-474 (March 20) 1951. 

47. Ronchi, V.: On the Nature of Retinal Excitement by X-Rays, Atti Fond. “Giorgio 
Ronchi” 6:221-224 ( Aug.) 1951. 
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to white light that included ultraviolet wave lengths of 285 to 410 mp, as compared 
with the thresholds when the light of short wave lengths had been excluded. The 
data showed that the effect occurred principally for rod vision. Only two of four 
observers showed any effect for foveal vision. This problem of the influence of 
exposure to ultraviolet radiations on the subsequent level of adaptation of the eye 
is still open to solution. More papers on the matter will appear during the coming 
year. 

Rose *° suggests that only a small part of the increase in sensitivity of the eye in 
the process of dark adaptation is due to a true increase in the sensitivity of the 
retinal elements—in the ability of the photosensitive substances to absorb the light 
falling on them. Rather, the essential mechanism is in the intermediate secondary 
processes by which the absorbed energy is amplified to a higher level of nerve 
energies. The analogy is made to the radio receiver, where the incoming signals of 
two stations which differ in intensity can be tuned in. The listener maintains a con- 
stant level of speaker intensity by increasing the gain of the receiver. However, 
measuring directly the corneal-retinal potential with a contact lens, Johnson and 
Riggs *' found in the course of dark adaptation that the results of absolute visual 
thresholds and electrical thresholds were comparable, though not exactly identical. 
Nevertheless, the authors conclude that the human dark-adaptation process takes 
place mainly at the retinal level. 

That a dark-adaptation curve could be obtained from scotomatous areas of the 
retina was reported by Krieger and Bender.*? The threshold of dark adaptation of 
the scotomatous areas was about 4 log units greater than that of normal areas. 
There was no point of inflection where cone vision ended and the course 
of adaptation proceeded at a lower rate. The fluctuations of threshold measure- 
ments were, of course, greatly increased. The authors conclude that lesions 
in the central nervous system can affect the dark-adaptation processes. 

The possible relationship between dark-adaptation tests and performance in prac- 
tical night vision has constantly been sought. Reid ** analyzed the records of 500 
men in the bomber command of the Royal Air Force and studied the relative impor- 
tance of night visual capacity as measured on the Livingston hexagon test ** to sur- 
vival in operational flying during the last war. He concluded that the night visual 
capacity as measured by this test had a definite, though slight, influence on survival. 
Eckel ** also reported that while great variations between individual subjects exist, 
there are significant aspects of adaptation tests to practical night vision. A selected 
group of persons with perfect night vision showed statistically a more rapid increase 
in adaptation rate than did an average group of persons. No other measurable 
aspects of dark-adaptation tests showed significant ditferences. 
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Von Studnitz ** reported that large doses of emulsified helenin, the agent of 
“adaptinol,” produced a lowering of the threshold of the cones in the dark-adapta- 
tion processes, and that this effect lasted for months. 


BRIGHTNESS DISCRIMINATION 


In the subjective estimation of brightness, Hanes ** reported that in comparing 
the brightness of disks of different size and luminance, he found that the apparent 
brightness increased with area at low levels of intensity, while at higher intensities 
the reverse was generally true. Karwoski and Wayner®* studied the Purkinje 
after-image that follows a moving slit of light in a dark room. They found that 
the after-image varied with the intensity and the color of the moving slit and with 
¥ the dark-adaptation level of the eyes. Under certain conditions the brightness of the 
? aiter-image appears enhanced, even dazzling. The lag of the after-image behind 
the moving slit is attributed to a delayed action of the rods of the retinas, and the 
brightness difference is attributed to inhibition of the rods by the cones when the slit 
is stationary. These Purkinje after-images are also seen on the screens of cathode- 
ray tubes, following rotating sweep lines. Their appearance or nonappearance 
depends on the intensity of the stimulus.** 

The well-known phenomenon that the vision may appear brighter for one eye 
than for the other, even though the visual acuity is equal in the two eyes, has been 
studied by Pugh.*® One hundred subjects were tested on the orthoscope, half of 
whom had had amblyopia ex anopsia, and the other half of whom were emmetropic 
or isometropic. The results showed a very high proportion of subjects in whom 
there was diminished light sensitivity of one eye as compared with that in the other. 


FLICKER 


| In order to avoid the influence of the various factors of local adaptation on the 
i light-adapted eye, Best ®' measured the critical flicker frequency with the eyes dark- 
| adapted, and with a light stimulus of 1 are degree and an intensity four times the 
| threshold of the particular part of the retina being tested. He found that there was 
) a day-to-day variation in the critical flicker frequency of 6.5 to 8.5 cps. When the 
intensity of the flickering stimulus was always maintained at four times the thresh- 
i old, he found the same critical flicker frequency for all parts of the retina. Best 
' insists that the differences in critical flicker frequency found with the position of the 
stimulus on the retina reported by other authors were due to the change in retinal 


56. von Studnitz, G.: Die medikamentése Beeinflussung des Helligkeits- und Farbensehens, 
Deutsche med. Wehnschr. 76:550-553 (April 20) 1951. 


57. Hanes, R. M.: Suprathreshold Area Brightness Relationships, J. Optic Soc. America 
41:28-31 (Jan.) 1951. 

58. Karwoski, T. F., and Wayner, M., Jr.: Studies in Vision: IV. Interactions of Rods 
and Cones in After-Sensations, J. Gen. Psychol. 44:215-233 (April) 1951. 

59. Mowbray, G. H., and Gebhard, J. W.: The Purkinje After-Image on Screens of 
Cathode-Ray Tubes, Am. J. Psychol. 64:508-520 (Oct.) 1951. 


60. Pugh, M.: Brightness Perception and Binocular Adaptation, Brit. J. Ophth. 35:134-142 
(March) 1951. 


61. Best, W.: Die Abhangigkeit der Flimmerfrequenz yon der Reizflachengrosse und dem 
Ort der gereizten Netzhautstelle unter besonderer Beriick-Sichtigung der Schwellenreizlicht- 
starke, von Graefes Arch. Ophth. 152:99-110 (Oct.) 1951. 


a 
i 
i 
> 
: 
ia 


OGLE—OPTICS AND VISUAL PHYSIOLOGY 811 


light sensitivity. If the perimetric field determinations were also to be made with 
such adjustment of the light intensity of the test object, he believes that quantitative 
perimetry will give more exact results than will the critical flicker frequency. Best 
also found that if the stimulus intensity is maintained at four times that of the light 
threshold, even then the critical flicker frequency increases slightly with stimuli 
of larger area. He concludes that the principal factor in critical flicker frequency is 
the intensity of the stimulus and that all factors which influence this frequency are 
basically aspects of intensity. 

McNemar ™ reports that subjects arranged in order according to the magnitude 
of their critical flicker frequency do not maintain the same order when tested on 
ditferent days. The order is also changed by a shift in the luminance of the test 
object and by tests made on different instruments (Strobotac and an Episcostister ). 
He concludes that the critical flicker frequency cannot be regarded as a stable 
characteristic of the subject. That psychological factors in the attitude of the 
observer and in the wording of instructions given the observer could also influence 
the critical flicker frequency was shown by Knox," who incidentally commented on 
the day-to-day variation in the critical flicker frequency. He reported that in the 
test those subjects who were asked to state “flicker” (looking-for-flicker attitude) 
showed an increase in critical flicker frequency, while those asked to state “fusion” 
(looking-for-fusion attitude) showed a decrease in critical flicker frequency over 
a 10-day period. Knox, however, did not show statistically the significance of the 
differences found, so that his results are difficult to evaluate. Miles ** found that 
changes in pupillary size for both central and peripheral excitation changed the 
critical flicker frequency by only three flashes per second. He states also that he 
found no correlation of critical flicker frequency with age. However, Misiak’s * 
measurements on 319 subjects showed a consistent decrease in critical flicker fre- 
quency (from 43 to 36 cps) for subjects in an age range from 7 to 91. He found 
no significant day-to-day variability. The intra-age-group variability also increased 
with age. The influence of pupillary size is suggested as one of the important 
variables which may account for the change of critical flicker frequency with age. 
It is suggested, also, that the change in critical flicker frequency with age may vary 
with the intensity of the test stimulus. 


Conditions of mild metabolic acidosis and alkalosis were observed by Hendley 
and Alpern ** to produce no change in critical flicker frequency, but conditions of 
respiratory acidosis (obtained by the subject’s breathing a mixture of 7% carbon 
dioxide and 93% oxygen) resulted in a decrease in the critical flicker frequency of 4 
cps at luminance levels of the test stimulus of from 400 and 4 mL. Similarly, 
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respiratory alkalosis (obtained by hyperventilation) caused a rise in the critical 
flicker frequency of 3 cps. It is concluded that changes in the pCOs, rather than 
those in the pH, affected the excitability of the nerve cells of the visual mechanisms 
related to flicker discrimination. Battersby and associates “’ conclude from their 
study that persons having had frontal-lobe lesions incurred four to six years previous 
to the testing showed no change in the critical flicker frequency. This statement 
contradicts previous observations. Only in homonymous field defects is the critical 
flicker frequency altered. While it may be true that frontal-lobe lesions of recent 
origin may affect the critical flicker frequency transiently, injuries of the visual retro- 
chiasmal pathways are, in the long run, necessary to affect the critical flicker fre- 
quency. 

Again, it is reported in the comparison of binocular and monocular critical flicker 
frequency, this time by Baker and Bott,"* that whereas Sherrington found only a 
2% difference in critical flicker frequency between synchronous and interspaced 
intermittent light stimuli (which he considered insignificant), they find a 9% dif- 
ference. This difference may be considered significant and, if correct, has a definite 
bearing on the theory of binocular vision. 

When the flicker frequency is made considerably less than the critical flicker 
frequency, the difference being of the order of 10 cps, an enhancement in the bright- 
ness of the test patch may occur. This enhancement has been attributed to an inter- 
action in the neurophysiological mechanisms between the frequency of the light 
flicker and the alpha rhythm of the cortex. Bartley ® has recently measured the 
degree of this enhancement of brightness by comparing the brightness of a central 
area of continuous illumination with that of an annulus (about this area) in which 
the flickering light was seen. With an approximate frequency of 10 cps, he found 
that if the intensity of the annulus was less than 35 foot-candles, the enhancement 
was not manifested ; but as this intensity was increased up to 1,000 foot-candles the 
brightness of the annulus increased, but appeared to approach as a limit an enhance- 
ment of two times the brightness of the central area. No explanation of this phenom- 
enon was given, 

COLOR PERCEPTION 


Within the range of illuminations normally used, Brown ™ has shown that color 
discrimination remains relatively constant. Only luminances of less than 1 mL 
result in a poorer color discrimination. However, Tessier and Blottiau *' report 
that at high luminances of 1,000 photons (trolands) the color relations were altered, 
and they suggest that the normal photopic luminosity curve may not be invariable. 
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This result may be important in color discrimination under high illuminations ( if the 
results are confirmed), for the I. C. I. color chart is based on the constancy of this 
luminosity function for all intensities of illuminations. 

Colors tend to change in hue and chroma when observed first under daylight 
illumination and then under tungsten illumination. Godlove * found, however, that 
the change was only about half that expected on the basis of pure physical calculation 
because of color adaptation. The change varies with the color, and two particular 
colors, a yellow-red and a purple-blue, do not change at all. Maximal changes 
occur in the yellow, which becomes redder, and in the red-purple. The changes in 
the greens and greenish-yellows are less certain. It is again pointed out, this time by 
Priklonsky,** that color tests conducted under artificial light will not detect subjects 
with a defective color sense, and greater deficiency may be attributed to subjects who 
are only slightly anomalous in their color sense. 

It has been predicted ( Koffka) that if the entire visual field of the eyes (where 
there are no comparison areas) is exposed to a homogeneous colored light, the 
sense of color will fade and disappear after a time. Hochberg and associates ** tested 
this prediction by fitting halves of table-tennis balls over the eyes and illuminating 
these with red or green light by using filters in a lantern. Twenty-one subjects were 
tested, and in most cases a complete disappearance of sense of color occurred (color 
adaptation) in the course of minutes, the time varying greatly with individual 
subjects. The resultant sensation was not the predicted gray, but a brownish, inde- 
terminate color. 

Aldington ** found that when a person lies on one side the lower eye becomes 
more red-sensitive than the upper eye. 

The problem of what color, for naval gear such as life-saving equipment, will be 
detected more readily from considerable distances under different illuminations at sea 
is an important one. Recently Malone, Sexton, and Farnsworth ** have found 
that the yellow used at present is a poor choice and that the orange-reds of the same 
brightness are more visible. The experiments show that as the distance increases, 
the colors in sequence from the blues to the reds decrease in visibility. Special 
detection goggles failed to increase the visibility of the colors tested. 

A phosphene can be produced by electrical stimulation when one electrode is 
placed over the brow and the other on the temple. The strength of voltage necessary 
to excite the phosphene depends on the activity of the retina in response to light. 
Ebe and associates ** used this method to measure the time variation in excitability 
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of subjects with anomalous color vision and with red-green color-deficiency after 
exposure to light of different wave lengths. They found a lessened excitability of 
any one color (red-yellow, green-blue), depending on the type of color anomaly. 
Red is weak for protanopes; green, for deuteranopes. More important, they found 
a highly developed specific yellow process in the color-deficient eye not found in 
normal eyes. Accordingly, they throw doubt on the trichromatic theory. 
Using the same technique of threshold electrical stimulation to produce a phos- 
phene, Motokawa and associates ** determined the basic rod response of the retina. 
They took advantage of the fact that a rod process can be clearly distinguished from 
a cone process by the difference in the course of the electrical sensitivity for phos- 
phene with time following a flash exposure of light. After a period of dark adapta- 
' tion, the eye was exposed to a flash of light of different wave length. Then, 4.5 
‘ seconds later, the eye was stimulated electrically for 0.1 second with varying volt- 
ages, until the threshold voltage at which the phosphene sensation occurred was 
found. The percentage increase of threshold voltage over the “rest voltage” ( voltage 
when no flash was used) was employed as the measure. It was found that the 
spectral distribution of rod responses found in this manner agreed satisfactorily with 
the scotopic visibility curve. Similarly, this method was used to study the rod 
processes progressively into the periphery of the retina, and here agreement of 
electrical response with the rod density was found. 


Disturbance of the color sense in cases of chorioretinitis centralis serosa has been 
shown by Jaeger and Nover ** to be due to the absorbing effect of the yellow-green 


exudates on the retina. There is a shift in the wave length of maximal sensitivity 
: toward the green by 20 mu. The anomaloscope test is useful in the diagnosis of 5 
chorioretinitis centralis serosa. Two new cases of achromatopsia are described by s 
; Alexander,“ bringing to date 40 authenticated cases of typical total color blindness : 

{| reported in the literature between 1926 and 1946. A careful distinction is to be 


made between achromatopsia, in which the cones act as rod receptors, and mono- 
chromatopsia, in which the cause lies in the cones. 


If monochromatic red light falls on the retina of one eye and monochromatic 
green light falls on the retina of the other eye, and the result is a yellow sensation, 
then there must be two receptors involved, making a yellow sensation from red and 
green. Hecht’s experiments with Wratten filters gave positive results in that yellow 
was so observed. Hurvich and Jameson *! have shown, however, that in the filters 
Hecht used there was actually some yellow, and hence his experiment would not be 


conclusive. Hurvich and Jameson determined for their own eyes the monochromatic 
wave lengths for a psychologically pure-hue sensation of red and of green. The 
psychological red is not monochromatic, but a mixture of red and some blue. 
Accordingly, they mixed monochromatic red (671 mp) and violet (440 mp) in one 
eve and monochromatic green (498.1 mp) in the other eye. The resultant sensation 
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was a hueless sensation, not yellow. They concluded that there must be a specific 
“yellow” excitatory process, and doubt is accordingly thrown on the Young-Helm- 
holtz three-component theory of color. 

The Purkinje phenomenon, in which the wave length of maximal retinal sensi- 
tivity shifts toward the blue from daylight (photopic) illumination to twilight 
(scotopic) illumination, is explained by Junés ** on the basis of a “retromacular 
screen,’ which is an appearance of a red pigment around the central receptor ele- 
ments of the macular regions of the retina (demonstrated by Eldridge Green in 
1902) under low illumination. 

On the practical side, Kephart and Tieszen ** report that a comparative study of 
the Ishihara, Pseudo-Isochromatic, and Ortho-Rater color-vision tests showed that 
all three tests are in agreement for the detection of color-vision deficiency. The 
Ortho-Rater test, of course, consists of kodachrome® transparencies of four of the 
Ishihara plates. Bostrom“ describes his new set of Swedish pseudoisochromatic 
color plates. The purpose of this set is only to discover the persons with deficient 
color vision, but not to differentiate types. The plates based on Trendelenburg’s 
method are used by Heinsius and Grevsmthl ** to determine the different types of 
defective color perception. Hardy ** discusses in lay terms color-aptitude vision test- 
ing, with emphasis on the Hardy-Rand-Rittler plates, with which the type and degree 
of defect in color vision can be determined. These plates, which have not until 
recently been readily available, are of the pseudoisochromatic type, but they make use 
of confusions of color patterns with neutral gray backgrounds, instead of back- 
grounds of color. Simple geometrical patterns, the triangle, square, and circle, are 
used instead of letters or numbers, and hence can be used for foreigners, illiterates, 
and children. 

OCULAR MOVEMENTS 


Methods for studying ocular movements have been surveyed by Lord and 
Wright.’ The techniques are after-image experiments, counting methods, direct 
observation of the eye, photography on motion-picture film, photography of corneal 
catoptric images, and, finally, the recording of the corneoretinal potential. Within 
the past two years there has been an increase in interest in the use of the corneo- 
retinal potential in the study of eye movements (electro-oculography). Marg ** 
reviewed the development of this method. Normally the cornea is electrically posi- 
tive relative to the optic nerve, and this potential difference is believed to originate 
in the retina. In the dark, when the eye is adapted and at rest, this potential has 
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been called the “standing potential” and is of the order of 1 mv. When the eye is 
illuminated by light, the potential increases, and this potential has been designated 
the “illumination potential.” This is the potential used in electroretinography. 
The corneoretinal potential is not limited to the eye, however, but spreads into all 
the adjacent tissues. Electrodes placed on the skin near the internal and external 
canthi are equidistant from the cornea and the pole of the eye; hence, when the eye 
is looking straight forward, the potential should be zero. If the eye turns, then one 
electrode is nearer the cornea, and the other nearer the retina, and part of the 
corneoretinal potential is measurable. Hence the direction of the potential will 
depend on the direction in which the eye turns, and the magnitude of the potential 
will depend on the extent of the rotation. Instruments to amplify and record 
graphically this potential are used in the study of eye movements. Various difficult 
problems, such as the type of electrodes, must be solved in the successful use of the 
technique. The precision with which eye movements can be measured is claimed to 
be of the order of +1 arc degree of turning of the eye, though if it were considered 
statistically perhaps better precision could be predicted. 

Brockhurst and Lion “* improved the technique so as to measure not only 
the angle of rotation of the eyes but also the rate of rotation (angular velocity) and 
the rate of change of the velocity (angular acceleration). The records obtained 
on 11 subjects showed (1) that preceding each eye movement there was a brief 
movement in the opposite direction, (2) that the speed of eye movement from an 
eccentric point toward the center is greater than that from the center to the eccentric 
point, (3) that there appears to be a speed of eye movements characteristic of and 
constant for each subject, and (4) that the acceleration of movement of the eyes is 
not proportional to the increase of the intended motion of the eye. The same 
authors “’ used their technique to measure the eye movements during a period when 
the subject was asked to look from one fixation light to another, the movement sub- 
tending a visual angle of 90 degrees. These lamps were alternately and rhythmically 
flashed at the rate of about 120 to 152 movements per minute. At each flash of a 
lamp the subject was to look at it. Their results on 11 subjects showed that (1) there 
was no decrease in acceleration of the eye movements during the test; (2) during 
the stress there was a decreasing excursion of the eyes, which would not move 
rhythmically, and (3) the subject could not keep in step rhythmically with the 
Hashing of the lamps. 

Lord used a method of measuring involuntary excursions of the eyes by means 
of the reflected light from the cornea from an_ultraviolet-radiation-illumination 
system directed toward the blind spot. This reflected light was recorded by a photo- 
multiplier cell. The eye movements were measured vertically, as well as horizontally. 
The accuracy of this method was much greater than that of the corneal-retinal 
electrical method. Records of the eye movements were made on the two eyes 
simultaneously, as well as the movements of the head, from an artificial “cornea” 


89. Brockhurst, R. J., and Lion, K. S.: Analysis of Ocular Movements by Means of an 
Electrical Method, A. M. A. Arch. Ophth. 46:311-314 (Sept.) 1951. 

%). Lion, K. S., and Brockhurst, R. J.: Study of Ocular Movements Under Stress, A. M. A. 
Arch. Ophth. 46:315-318 (Sept.) 1951. 

91. Lord, M. P.: Measurement of Binocular Eye Movements of Subjects in the Sitting 
Position, Brit. J. Ophth. 35:21-30 (Jan.) 1951. 


. 
His 

pe! 

| + 
| 
the 
t 
4 


OGLE—OPTICS AND VISUAL PHYSIOLOGY 817 


attached to the head. Studies on the eye movements during steady binocular 
fixation indicate that the rotations of the two eyes occur simultaneously, move in 
the same direction, and in general have the same amplitude. Seldom were vertical 
movements found. The same experimenter ** had found that the involuntary move- 
ments were greater with the subject in a supine position than when sitting up. 
Charnwood “* attributed this difference to the lack of support the eye obtains from 
Lockwood's ligaments when the subject is prone. 

Hewitt “* discusses again the problem of cyclotorsional movements (about the 
anteroposterior axis) of the eyes and concludes from his experiments that these 
movements are nonexistent except only as concomitant movements associated 
with an oblique position of the eyes. Such a conclusion ignores the classic experi- 
ments of Hofmann and Bielschowsky “* and the meticulous work of Ogle and 
Ellerbrock,"* which show that cyclotorsional movements can occur in the interest 
of maintaining single binocular vision. Mesker “? has verified the observation that 
optokinetic influences also can cause cyclotorsional movements. He used a rotating 
drum having alternate black and white stripes, the axis of which could be inclined. 
The eyes turned in the direction of the slant of the lines on the drum. 


FUSION 


The fact that disparate stimuli for fusion in the peripheral parts of the visual 
field can cause a breaking of fusion for stimuli seen by central vision has been 
verified and elaborated by Winkelman.’* Using a small central disk for a central- 
fusion stimulus, he found that disparate peripheral images of about 2% are degrees 


would cause a doubling of the central images, irrespective of the time of presentation 
of the peripheral stimuli (1 to 459 second). The strength of the peripheral -stimuli 
necessary to cause central breaking, however, decreased a little as the stimuli 
were placed more in the periphery. Thé strength increased with the size of the 
stimuli (17 to 4% are degree) and also increased with the brightness of the stimulus. 
By an ingenious method, Shepherd “* sought to test the influence of target size, and 
therefore peripheral detail, on fixation disparity. His results showed no increase of 
fixation disparity, contrary to what had previously been found by Ogle, Mussey, 
and Prangen.'’’ This discrepancy in results is difficult to account for except in 
the very difference of methods of measurement used. 
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Continued study of fixation disparity and the fusional processes was reported by 
Ogle and Prangen.'*' Curves representing the measurements of this disparity when 
the eyes are forced to converge and diverge by prisms (prism vergences) fall into 
four types, each curve being characteristic (therefore repeatable) for each subject. 
Such a curve indicates the motor imbalance and motor-fusion behavior of each 
subject. It is shown that the degree of fixation disparity (on the particular instru- 
ment) is usually in the same direction as the heterophoria, but is not highly cor- 
related in magnitude, for this correlation depends on the total motor-fusion behavior 
of the binocular processes, and not on the heterophoria alone. A comparison of the 
heterophoria and the prism vergence necessary to eliminate the fixation disparity 
tends to show that the measurement of heterophoria by the Maddox rod tends to 
show too much exophoria. On the basis of the curves, it is hypothesized that the 
strength of the fusion-compulsion reflex is maximal when the disparity between 
the retinal images is near the doubling point, or point where fusion gives up. This 
strength decreases as the images fall nearer and nearer corresponding elements. 
The accommodative-convergence association and the reflex to the accommodative 
mechanism to preserve clear images are related to the fixation-disparity curve, as is 
shown when plus- or minus-power lenses are employed before the eyes, at a near 
visual distance. How the fixation-disparity curves are related to the well-known 
Donders diagram is explained. 

In studying the relationship between heterophoria and prism vergences, 
Scobee and Green '*? had previously found no correlation of lateral heterophoria 
and measured (manifest or apparent) prism divergence, both measured at 20 ft. 
(6 meters). Now, by use, instead, of “true” prism divergence—measured prism 
divergence minus lateral heterophoria (plus exophoria, minus esophoria) and 
lateral heterophoria—a significant correlation for both 20 ft. and 13 in. (33 cm.) 
is found. This correlation was better for females than for males. The authors state 
that on the basis of their studies a person must have at least 12 A of manifest diver- 
gence at 13 in. if he is to work comfortably for that distance. Kratz‘ found from 
his study that the average patient should have a true prism divergence (for break) 
of 8 to 11 A. If the true prism divergence is greater than this, some of the dif- 
ference is probably accommodative, and the possible addition of plus refractive power 
should be looked for. If less, according to the author, the difference might be 
accounted for on the basis of lowered fusional ability. 

In a comparison of the results from heterophoria tests on the Ortho-Rater and 
the Sight Screener and those obtained with standard clinical tests, Sloan and Row- 
land '** have shown that the two instruments are equal in value as a selection test. 
The correlation with visual clinical tests and with each other is high. In both instru- 
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ments the distant test is simulated optically by lenses and prisms. This simulation 
is shown not to be a source of significant error. For near vision the values for the 
lateral heterophorias among the tests are more variable. Trial-case lenses, even 
those designated as precision lenses, were often (13%) found by Schillinger '** to 
be decentered so as to introduce a prismatic deviation of as much as 0.5 A. 

Posner ‘°° insists that the vertical hyperphoria to be corrected by prisms should 
be determined by the prism-vergence test, because “the ‘true’ hyperphoria is that 
deviation which is measured under conditions in which the eyes are in a state of 
equilibrium . . . under conditions of normal binocular vision.” 


ACCOM MODATIVE CONVERGENCE 

The problem of what is the exact nature of the stimulus within the blurred image 
on the retina that gives rise to the accommodation reflex has always been a baffling 
one. It is known that the accommodative change, whether one of relaxation or one of 
increased accommodation, occurs with precision and is completed in about % second. 
Fincham '"* investigated the change in accommodation stimulated by lenses placed 
before the eye. He measured the accommodative change by means of the Fincham 
coincidence optometer, observing the eye through a half-silvered mirror set at 
45 degrees. The observer viewed the test object by reflection from this mirror, and 
the various lenses used were inserted between this mirror and the test object. All of 
55 subjects showed positive accommodation when a —1.0 or —1.5 D. lens was used. 
The stimulus for the accommodative change must be the blur,"and the reaction was 
not a trial-and-error process. With blue or red filters instead of the lenses, one 
would expect, because of the chromatic aberration of the eye, a blur stimulus to 
accommodation or relaxation. These filters had little influence on accommodation, 
however, except in a few subjects who made a voluntary effort to see clearly. When 
the target was illuminated by a monochromatic light (sodium) and the subjects 
were then tested with minus lenses, they fell into groups of no reaction, partial 
reaction, and complete reaction, the same as for white light. With a lens that cor- 
rects the chromatic aberration, the subjects when again tested with minus lenses and 
white light fell under the same categories of response. The size of the object is a fac- 
tor. With an object of 1 minute of arc angular diameter, stronger lenses than —0.75 
D. could not be used. With sodium light, objects of 4 to 8 minutes of arc in diameter 
were necessary. Scanning of several closely located points enhanced the accommo- 
dative response when minus lenses were used. The conclusion is that the stimulus 
for accommodation rests in part on the chromatic aberration of the eye, and in part 
on the small scanning movements of the eyes over details whose images are blurred. 
The effectiveness of the eye-scanning movements is assumed to be due to the Stiles- 
Crawford phenomenon. The relative effectiveness of light falling on the retina 
depends on the angle at which it strikes the retinal elements. 
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Because of the distance between the ophthalmic lens for the correction of 
ametropia and the eye, Pascal’’* points out again the well-known fact that the 
amount of actual accommodation necessary to change the focus of the eye from, 
say, 1 to 0.5 meter is more or less than the actual 1 D., depending on whether the eye 
is hyperopic or myopic. Roughly, the difference amounts to 1.5 to 2% per diopter 
of correcting lens for each apparent diopter of accommodation. 

Whether the pupillary contraction in looking from a distant object to a near one 
is due to the accommodation or the convergence process is reviewed by Renard 
and Massonnet-Naux.'’’ Reviewing physiological studies, they point out the 
following findings: In prism-vergence tests, prism base out, in which accommoda- 
tion (apparently) does not change, a constriction of the pupil is observed. If the 
accommodation is relaxed with plus lenses, a constriction of the pupil is still observed 

; with convergence. The constriction of the pupil is not synchronous with the change 

in accommodation. Pupillary changes occur with an elevation of the eyes, in which 

accommodation is not used. It is known also that when the eyes are turned 
asymmetrically the pupil of the eye turning in is more constricted ; that of the other 
is more dilated. When the places of insertion of the external and the internal rectus 
muscles of a monkey are interchanged, and the animal’s eve then converges, there is 


dilation of the pupil. Clinical facts reviewed are as follows: In many presbyopes, 
in many myopes who cannot accommodate, and in aphakics, the pupil contracts with 
convergence. Cases of paralysis of convergence, of paralysis of accommodation, and 


of \die’s syndrome are also reviewed. It is concluded that pupillary contraction is 
stimulated by convergence, not by accommodation. 

When the stimulus for accommodation is changed, there is a corresponding 
change in the convergence innervation. The change in convergence can be measured 
with a Maddox rod, as a change in lateral heterophoria. The amount of convergence 
change for each diopter of change of stimulus to accommodation is called the 
“accommodative convergence-accommodation ratio.” Usually an actual accommoda- 


tive change occurs, but since an accommodative convergence can be measured in 
presbyopic subjects, it must be in part the stimulus to accommodation that affects 
the convergence. Tait ''* presents data on 3,900 subjects, all with comfortable vision 
and of all ages, in whom he measured the heterophoria for distance and at 33 cm. 
The ditference between the two measurements is subtracted from the convergence 
demand of the near object, to give the accommodative convergence for the 3 D. 
change in test distance. The accommodative convergence-accommodation ratios 
varied from zero to 7 4 per diopter of accommodation. The ratio in the majority 


of cases was between 3 A and 4+ A per diopter of accommodation. Tait found a 
small progressive increase in the ratio with age, the average being 2.8 A for 10 to 
19 vears of age, 3.1 A for 20 to 39 years, 4.0 A for 40 to 59 years, and 4.2 A for 60 
years and more. The standard deviation was approximately the same for all groups, 
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being of the order of + 2.5 A. Morgan and Peters ''' studied the accommodative 
convergence in presbyopes and found an accommodative convergence-accommodation 
ratio of 3.8 A per diopter of accommodation (stimulus), with a standard deviation 
of + 2.6 A, which agrees with Tait’s data. These authors, however, wish to assume 
from their data that there is little significant change in the ratio with age. The fact 
that the ratio for presbyopes is so near the general ratio argues that in presbyopic, 
as well as in nonpresbyopic, subjects the physiological effort of accommodation is 
the same in older as in younger persons. From the data for the accommodative con- 
vergence-accommodation ratio for a patient with Adie’s pupil, Morgan and Harri- 
gan '!* find evidence that the association between accommodation and convergence 
is at the midbrain level, and is therefore an innate reflex, very similar to the reflexes 
governing pupillary activity. 

Data to show that the accommodation and the convergence of the eyes could be 
changed by a change in the apparent distance, though the actual distance remains the 
same, were presented by Ittelson and Ames.''* Playing cards of three different 
sizes were used at a fixed observation distance of 32 in. (81 cm.). Apparent distance 
depended on the size of card used. The accommodation by the stigmatoscopic 
method and the heterophoria were measured for the monocular observation of each 
card. The respective changes in accommodation from the twice-size card to the 
half-size card (more distant to nearer) were for five observers + 0.32, + 0.16, 
+ 0.23, + 0.19, and —0.08 D. No statistics were given to show the significance 
of these changes. The heterophoria changes for the same cards were for the same 
observers 1.7, 1.9, 1.3, 4.3, and 0.3 D. in the direction of esophoria. Hofstetter had 


previously shown that there was a convergence response to an awareness of nearness, 


and he did not attribute this to an accommodative-convergence association. He has 
shown also ''* that the data for convergence changes by Ittelson and Ames could 
be attributed to such an association, the accommodative convergence-accommodation 
ratio. Hofstetter ''® has recently published data ‘on the change of convergence 
(phoria) and prism vergences to the blur point when the eyes observed a distant 
object through minus spheres and a near object through plus spheres. These data 
show an induced convergence from distance to near vision which he attributes to a 
proximal convergence, independent of accommodation. In the 21 subjects there 
was no correlation between the accommodative convergence-accommodation ratios 
and the proximal convergence measured. He believes that the data show that the 
proximal convergence and the fusional (prism) convergence have independent 
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neurological origins. Pollack ''® contends that Ittelson and Ames have incorrectly 
interpreted their data and also states that clinical data refute their claims that 
eyestrain can be caused by abnormal apparent distance. 


SPACE SENSE 


In a well-written monograph, Walls *'* analyzes critically the literature pertain- 
ing to the subjective visual directions associated with retinal elements, with par- 
ticular attention to the oft-quoted experiment of Stratton. Stratton (1897) had 
worn before the eyes for several weeks specially arranged prisms that completely 
inverted the images received by the two eyes. In his papers one is led to believe 
that he was able to adapt to this inverted world, that if he wore the prisms longer 
he would eventually “see” the contents of the visual field normally. Great psycho- 
logical importance has been attributed to this experiment. Three other experi- 
menters whose works are published were not able to become so adapted to the 
inverted world. In particular, Ewert was never able to overcome the disorientation. 
However, it was possible to reeducate certain activities, such as card sorting, but 
these are shown to be purely motor-learning processes. Purely visual tasks, such as 
adjusting the rods of the Howard-Dolman stereoscopic test, were never relearned. 
Here, the movable rod was always farther when it appeared nearer. Walls suggests 
that Stratton’s success may have been due to his being an eidetic. The conclusions of 
the monograph are to the effect that egocentric visual directions are natively given, 
rest on an anatomical basis, and cannot be altered by learning processes. 

The ability of subjects to discriminate the difference in direction of a second of 
two points of light flashed with respect to the first for different separations and dif- 
ferent time intervals between flashes was investigated by Leyzorek."* With a con- 
trol of fixation the threshold (a visual angle of the order of 10 minutes of arc) for 
discrimination was essentially the same for all time intervals of presentation of 4 
to 16 seconds. With uncontrolled fixation there was a marked increase in visual- 
angle threshold with increase in time interval between flashes. Discrimination is 
better when the point sources of light are seen on a framed background than when 
seen in the dark without reference points. 

The phenomenon whereby an apparent movement occurs when two separated 
points are flashed successively has been studied by Franklin,'’® with emphasis on the 
use of the phenomenon in testing strabismus. Under critical conditions of separ- 
ations and time intervals, this apparent movement reduces to a pure sensation of 
movement, and this is then referred to as the phi phenomenon. When retinal 


disparate points are so stimulated, an apparent movement occurs, but in strabismus, 
in which there is abnormal retinal correspondence, this phenomenon is absent. The 
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phenomenon is suggested for the measurement of heterophoria and the detection of 
small angles of strabismus. The author distinguishes between the parallax test for 
heterophoria with alternate covering of the eyes and the apparent movement. 

When a subject is rotated in a Link Trainer at about 20 revolutions a minute and 
he observes (fixates) a suitable target, the target appears to move in the opposite 
direction on the attainment of speed. When the rotation is stopped, the target 
appears to move in the same direction as was the direction of rotation (the oculo- 
gyral illusion). This apparent movement had been attributed to saccadic nystag- 
moid movements of the eyes. Using a flickering target, in order to obtain a phi 
movement while the nystagmus continued, Mann and associates '*° found that the 
phi phenomenon stopped before the actual apparent smooth movement of a con- 
tinuously illuminated target ended. The oculogyral illusion was thus considered 
the result of two components: (1) the visual component, which contributes to the 
phi phenomenon, and (2) a postural component, which contributes to the smooth 
unidirectional apparent motion. 

STEREOPSIS 

The influence of illumination of the background in the Howard-Dolman test and 
the luminances of the individual rods themselves on the adjustment of the rods for 
equal distance were studied by Wilner and associates.*° The increase in luminance 
of the rods affects their apparent size through the phenomenon of irradiation, The 
level of background illumination may influence the settings, regardless of the 
luminances of the rods. If the rods differ in luminance, then the brighter rod will be 
placed farther from the subject than the dull one, as might be expected on the basis of 
apparent size. 

In writing of the influence of irradiation on stereoscopic depth perception, atten- 
tion is called to the experiments of Cibis and Haber.'*'| With a fixation point in the 
median plane, two square illuminated white plates are set up on each side and 
equidistant from, and in the frontoparallel plane with, the fixation point. These two 
plates are arranged so that they can be rotated about vertical axes in the plane of the 
plates and at the center of the plates. The angular rotation from the frontoparallel 
plane can be read from suitable protractors. The visual field is restricted to them 
and to the point of fixation. Now, if a neutral-tint filter is placed before one eye, 
these plates appear to be rotated to give a “Venetian-blind” effect. They have to be 
rotated in the opposite direction in order to appear again in the frontoparallel plane. 
The angle of turning increased with increase in the density of the filters used. This 
phenomenon is due to the decreased size of the retinal image of the plate in the 
darkened eye, because with the lowered illumination the effective spreading of the 
image of the border contours due to irradiation has been reduced. Stereoscopically, 
the two contours are displaced in space, just as objects are when the image in one 
eye is magnified or minified by a meridional afocal lens.’ This phenomenon might 
logically be called “irradiation stereoscopy”—analogous to stereoscopy due to chro- 
matic differences in magnification. The use of this method of visual photometry is 
suggested. 
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Experiments purporting to show that convergence is a factor, if not a dominant 
factor, in stereoscopic depth perception are reported by Pacalin '** and by Wright.?2* 
In the latter’s test one of two illuminated apertures is judged to be nearer or farther 
than the other, for different separations of the apertures. The judgments are made 
(1) by allowing eye movements from one to the other and (2) by maintaining con- 
stant fixation on one of the apertures and judging the second extrafoveally. Because 
of the differences in stereoacuity found, Wright believes convergence is a factor in 
stereoscopy. However, it must be pointed out that with eye movements for the 
same separation of apertures, areas of the retinas having effectively higher visual 
acuities are used than when constant fixation on one aperture is maintained. Higher 
stereoacuities would thus be anticipated. The probably poor quality of proprioceptive 
stimuli from the external ocular muscles always makes deductions based on con- 

S vergence difficult to accept. 


The influence of color on stereoscopic acuity was studied by Karwoski and 
Lloyd.’** Two small point light sources, the color of which could be changed by 
Wratten filters, were used in a Howard-Dolman type apparatus. The authors find 
that the stereoacuity decreases with color in the following order: yellow, red, green, 
and blue. However, the differences hardly appear statistically reliable, and the order 
given suggests only a trend. The poorer stereoacuity for blue is attributed to 
chromatic aberration and blurredness of the image on the retina. 


Test-retest measurements were made by Trumbull '** on 100 male subjects in 
the Verhoeff test of depth perception. The data were tested for reliability by four 
different scoring methods, and the correlations of test and retest measurements were 
found to be between 0.79 and 0.82. The test is recommended because of the ease 
of administration, of control of variables, and of scoring, but the particular require- 
ments in a given stereoscopic acuity test must be taken into consideration. 


In two papers Ittelson '** reports on his study of the relationship between the 
size of an object and its apparent distance observed in monocular vision. The 
apparent distance of a given object in one space is compared binocularly with that 
of objects seen in another space. Various sizes of known objects were used for test 
targets, all observed at the same distance. The apparent distances were such as 
would tend to be determined by size of target. This is not an absolute relationship 

and varies with subjects. It is the “assumed” size to which the author attributes the 
apparent distance. With continuously changing apparent size of that object, for 
example, by change in illumination, or by actual moving of the targets along a track, 
the same relationships hold. A theory is offered ‘of size as a cue to distance which 
stresses the necessity of the observer supplementing stimulus-data with certain 
unconscious assumptions as to the objective properties of the external’ objects 
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observed. Chalmers,'** however, found that monocular vision does not provide 
effective information about real size or distance when observation distances exceed 
20 ft. (6 meters). 

Gilinsky '** attempts to derive a formula by which the perceived size and per- 
ceived distance can be computed in terms of objective size and distance. She makes 
a simplification of the theory of Luneburg '** and stipulates that apparent size 
reaches a limiting value as the distance increases. She shows that data from early 
experimenters can be fitted by the curves derived from her theory. The active 
participation of convergence as a cue for distance in binocular vision and of accom- 
modation in monocular vision is postulated. In order for relationships such as these 
to exist, the observer must bring to the situation some knowledge or “assumptions” 
about the objects being seen. These, for the most part, probably depend on past 
experience. In this vein of experimentation, Ames '*° has devised a striking illusion 
that consists of a trapezoidal window frame, that is, a frame whose dimensions pro- 
jected on a frontoparallel plane would be those of a standard frame turned 16 
degrees to the line of sight. This frame is illuminated and suspended in an otherwise 
dark room but is free to rotate about a vertical axis. An ordinary cylindrical tube 
is thrust through this window at a sharp angle, and a small cube is attached to one 
end of the window. On rotation by motor, the frame appears to make an oscillating 
rotary movement. The cube appears to move about a circle, and the tube appears 
to turn about with pronounced oscillating distortion. According to Ames, the 
explanation lies in the characteristics of the retinal image and “their translation in 
terms of the assumptions of past experience,” and in “the hypothesis that percep- 
tions are not disclosures but [are] essentially prognostic in nature, i. e., prognostic 
directives for action from the observer’s point of view both in space and time, the 
weighing of ‘indications,’ sense of surety and lack of surety, value judgments.” 
However, as has been pointed out by Pratt,’*' the strict appeal to empiricism is 
fraught with danger, for in the sensory-motor processes it works better at the motor 
end of the response arc and most poorly at the sensory end. The perception of the 
form of objects seemed to Marsico '** to depend also on ocular movements, for when 


the latter were disturbed, as in subnarcosis, the correct perception of forms became 
difficult. 


In a recent paper, Miles '** presents what he calls the “horopter-projection size” 
theory, with which he accounts for 14 of the complex phenomena of vision. In essence, 


127. Chalmers, E. L., Jr.: Extent of Effective Monocular and Binocular Size and Distance 
Perception, Am. Psychologist 6:286 (July) 1951. 


128. Gilinsky, A. S.: Perceived Size and Distance in Visual Space, Psychol. Rev. 58:460- 
482 (Nov.) 1951. 

129. Luneburg, R. K.: Mathematical Analysis of Binocular Vision, Princeton, N. J., Prince- 
ton University Press, 1947. 

130. Ames, A., Jr.: Visual Perception and the Rotating Trapezoidal Window, Psychological 
Monographs, Vol. 65, No. 7, 1951. 

131. Pratt, C. C.: Role of Past Experience in Visual Perception, J. Psychol. 30:85-107 
(July) 1950. 

132. Marsico, V.: Sui disturbi della percezione di forma durante la narcanalisi, Arch. ottal. 
§4:247-258, 1950. 

133. Miles, P. W.: Relation of Perceived Size of Half-Images at the Fusion Level to 
Projection on the Horopter, Am. J. Ophth. 34:1543-1561 (Nov.) 1951. 


i 
4 
5 
fa 
mae 
ao { 


826 A. M. A. ARCHIVES OF OPHTHALMOLOGY 


such a theory had been proposed by Schubert in 1939 '** to explain the apparent 
change in the sizes of the images when the eyes converge asymmetrically. Miles 
states: “The size and shape of visual images on the plane in the cerebral cortex 
where perception and fusion take place are not proportional to the size and shape 
of the images of the two retinas, but are proportional to such images after being 
projected from the retinas through the nodal points of the eyes onto the horopter.” 
In the opinion of this reviewer, this statement is not clear and presupposes a process 
that does not really exist. It can therefore explain nothing. The horopter does not 
have a spatial reality so far as consciousness is concerned. It is a geometrical con- 
struction—a surface (if one can find it) such that any object point placed on it has 
images in the two eyes which fall on corresponding retinal elements. Nothing can 
therefore be projected on it. The general use of the word “projection” in ophthalmic 
literature has been unfortunate and has led to many misconceived ideas. The 
observer does not project anything outward through any point—he only experiences 
objects being in certain directions and at certain distances, the particular direction, 
distance, or apparent size depending on many factors. Such a theory as that pro- 
posed by Miles, instead of making the phenomena discussed aspects of physiological 
processes, entrenches them deeper into what we often think of as pure psychological 
interpretations. 
VISUAL SPACE 

The clear differentiation between physical space and visual space (the space 
experienced) has been emphasized since Hering’s time. The fact that these two 
spaces are not equivalent was also recognized. In physical space an object can be 
moved about without its being deformed. In visual space this is not true, for as an 
object recedes beyond certain distances it appears to change in size and its shape 
alters, especially in its depth extent. Objects at nearly infinite distance (for example, 
the moon and stars) appear at finite distances. In 1947 Luneburg '*° attempted to 
obtain a mathematical statement of a relationship by which binocular visual space 
could be described in terms of position in physical space. Certain fundamental 
assumptions had to be made. The most important one (and the most questionable ) 
is that the perceived size of small elements (distance between two points) depends 
only on the position (coordinates ) of that element in physical space. This perceived 
size is a given one and is intuitively known by the observer. Mathematical expres- 
sions are derived for the metric of this visual space, and this depends essentially on 
two constants, « and K, characteristics of the individual person. The first relates to 
the ratio of the threshold of stereoscopic depth perception to the threshold of size 
perception, and K is related to the subject’s basic perception of size, especially as 
concerns distance. Depending on the sign of K, the type of non-Euclidean visual 
space would be specified. Later,’®* it was necessary to postulate that « may not be 
a constant but may depend on distance. Considerable interest is attached to these 
constants, for they would pertain to something characteristic of the individual, and 
conceivably might be related to behavior patterns. Attempts are being made, there- 
fore, to determine these by several of the phenomena of binocular space perception. 
a Schubert, G.: Zur “Aniseikonie’-Frage, von Graefes Arch. Ophth. 140:55-60 (Feb. 21) 
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In particular, Hardy, Rand, and Rittler '** investigated the alley experiments of 
Hillebrand and of Blumenfeld, in which the observer tries to adjust a series of points 
that will appear in an alley parallel to the median plane, and also equally separated. 
Fifteen subjects were tested; but, because of the variability of the data of the 
individual subjects, due to the inherent difficulties involved, the authors concluded 
that the experiment was an inadequate test with which to find o and K. 

Fry '** attempts to develop a direct relationship between a coordinate system for 
visual space and that for physical space. “For a given point of fixation and at a 
given moment during steady fixation of this point the visual space surrounding the 
[perceived] image of this point is Euclidean.” Actually, one cannot specify parti- 
cular coordinates of visual space as such but can only infer the nature of visual space 
(because that is an experiential world and not susceptible to measurement) from 
physical coordinates of points which satisfy certain criteria of visual space. Luneburg 
went no farther than this. 


PULFRICH STEREOPHENOMENON 


If one observes a swinging pendulum in a room in which there are other objects, 
with one eye darkened by a dark glass, the bob of the pendulum will appear to move 
in an elliptical or, better, a pear-shaped path. This phenomenon has been attributed 
to the different reaction times of the eyes due to the differences of light intensity. 
This phenomenon has received much careful study, more recently by Engel and 
Fischer '** and by Fischer and Mex.'*® The former used three swinging spheres 
on threads of different length. The greater the observation distance, the greater is 
the difference of illumination between the two eyes; and the greater the velocity of 
the pendulum, the greater is the effect. No particular adjustment of fixation point 
is necessary. Gazing about apparently enhances the effect. However, the phe- 
nomenon apparently never occurs simultaneously on the subject’s first observing 
the pendulum, but a certain time for the development of the phenomenon pattern is 
required. 


A general consideration of the influence of difference in delay in the perception 
times of the two eyes on one’s interpretation of space, and particularly the apparent 
distortions of moving objects due to them or of stationary objects with movements 
of the observer may be found in a translation of a paper by Hartinger."*° This paper 
is primarily concerned with a mathematical development but has military importance, 
for the effects may be considerable in the speeds of aircraft and automobiles fre- 
quently necessary today. 


136. Hardy, L. H.; Rand, G., and Rittler, M. C.: Investigation of Visual Space: The 
Blumenfeld Alleys, A. M. A. Arch. Ophth. 45:58-63 (Jan.) 1951. 

137. Fry, G. A.: Visual Perception of Space, Am. J. Optom. (Monograph 110) 27:1-23 
(Nov.) 1950. 

138. Engel, H. J., and Fischer, M. H.: Optokinetische Raumwahrnehmung, ein neuartiges 
Prinzip, Arch. ges. Physiol. 253:1-27, 1950. 

139. Fischer, M. H., and Mex, W.: Messende Untersuchungen am Pulfricheffekt, Arch. ges. 
Physiol. 252:478-499 (June) 1950. 

140. Hartinger, H.: Motion and Perception of Space, U. S. Air Force School of Aviation 
Medicine, Special Report, translated at the U. S. Air Force School of Aviation Medicine, Ran- 
dolph Field, Texas, Aug., 1951. 
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VISUAL FACTORS IN AVIATION 


The human time factor and visual problems that arise in modern aircraft travel- 
ing at supersonic speeds have been discussed by Strughold '*! and by Byrnes.'*? 
Such facts as that the time required for the eye to focus or to adjust to a given object 
to see it distinctly may be from 0.2 to even 1 second become highly important. Apart 
from the perception and reaction times of the pilot, such factors as the optical effect 
of the shock wave, the result of vibration on the eye, and the effect of a changed g 
on the visual apparatus as a whole become very important. In night flying under 
various conditions of visibility, visual illusions may lead to serious accidents. Such 
factors as the autokinetic illusion, the effect of acceleration on the apparent position 
of visual targets, and the effect of rotation movements in causation of apparent 
movement of objects as constituting a hazard in aviation have been discussed by 
Imus and associates.’** Pilots must be taught to rely on the instruments in the plane 
and to ignore their body sensations. 


DOMINANCE 


The various methods that have been suggested for the determination of ocular 
dominance are reviewed by Walls.'** He lists 25 and arranges them into five groups, 
according to similar factors involved in the particular test: (1) the tests of retinal 
rivalry ; (2) the determination of the sighting eye; (3) dependence on one eye to 
establish subjective visual direction; (4) those postural behaviors which favor the 
dominant eye (the eye that is harder to wink with), and, finally, (5) the so-called 
meaningless tests, such as the statement that the dominant eye is on the side of the 
dominant hand. Several types of dominances are differentiated, but these eventually 
reduce to the aspects of two—a motor dominance and a visual directional dominance. 
Finally, even the motor dominance may be said to be purely for the sake of pre- 
serving directional dominance. The subjective directions in which objects are seen 
in space are those associated with the image in the dominant eye, regardless of what 
the other eye is doing. Thus, dominance is likened to the steering apparatus of an 
automobile ; the one wheel is directly attached to the steering rod, and the other 
is guided by the tie rod. All innervations of the eye muscles go primarily to the 
muscles of one eye, while the nondominant eye “tracks” by virtue of various reflexes. 
“The various reliable criteria of ocular dominance are shown to be asymmetrical 
phenomena, which under the hypothesis of directional dominance . . . would be 
expected to occur.” The clinical and nonclinical implications of this theory are 
discussed. 

Kiichle and Remky * point out that today we consider dominance of one eye 
as a functional requirement, rather than regarding the dominant eye as a preferred 


141. Strughold, H.: The Human Time Factor in Flight: II. Chains of Latencies in Vision, 
J. Aviation Med. 22:100-108 (April) 1951. 

142. Byrnes, V. A.: Visual Problems of Supersonic Speeds, Am. J. Ophth. 34:169-177 
(Feb.) 1951. 

143. Imus, H. A.; Graybiel, A.; Brown, R. H., and Niven, J. I.: Visual Illusions in Night 
Flying, Am. J. Ophth. 34:35-41 (May, Pt. 2) 1951. 

144. Walls, G. L.: A Theory of Ocular Dominance, A. M. A. Arch. Ophth. 45:387-412 
(April) 1951. 

145. Kiichle, H. J., and Remky, H.: Uber monoculare Dominanz (“Augigkeit”); alte und 
neue (haploskopische) Methoden zu ihrem Nachweis und deren Wert fiir ihre Beurteilung, von 
Graefes Arch. Ophth. 152:62-88 (Oct.) 1951. 
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eye. The visual impression of space, the binocular perception, is determined deci- 
sively by the visual impressions it receives. The dominant eye determines the form 
of the binocularly fused images. These authors use in a haploscope targets which 
contain detail for fusion and some details seen monocularly. Dominance was deter- 
mined by persistence of the monocularly seen details. The results for 60 subjects 
were compared with those of other dominance tests. The authors claim that the 
“free-eye” methods possess sources of error which cause an overestimation of the 
number of subjects with monocular dominance. No close relationship could be found 
between dominance and handedness. A valency difference in the motor apparatus 
of the individual eyes plays no part in the existence of a central dominance. 

Hillemanns '** used the Rosenbach binocular visual direction test, modifying it 
with colored glasses. In 400 cases, he distinguishes groups according to directional 
dominance: (1) heterovalence (marked and fixed dominance of one eye); (2) 
homovalence (no dominance but rivalry between the two eyes); (3) alternating 
dominance, and (4) mixed or transitional dominance. The relation to handedness 
is complex. He considers that handedness is primary in character, whereas ocular 
dominance is not congenital. He also believes that the tendency for the majority 
of persons to deviate to the right in the dark or fog is due to right ocular dominance. 
However, Werner andl Wapner '*? showed that this directional tendency in walking 
was due to a basic individual error in the perception of the vertical. 


ILLUMINATION—VISUAL COMFORT 

The factors of size, brightness, and location of test objects and the brightness of 
the surround that govern whether given surroundings are comfortable or uncom- 
fortable have been reported on by Guth,'** of the General Electric Company. Fifty 
observers were tested before the opening in a sphere of 80 in. (203 cm.) radius. 
As an example, the luminance of a circular patch-test object, with a surround 
luminance of 10 foot-lamberts, which was borderline between being comfortable and 
uncomfortable, was on the average 830 foot-lamberts, with a spread between 
observers of 315 to 1,600 foot-lamberts. An increase in the size of the patch caused 
this critical brightness to decrease. On the other hand, if the luminance of the 
surround was increased, the critical brightness also increased. An empirical formula 
has been worked out for determining also whether the luminances resulting from a 
given arrangement of lamps in actual lighting installations fall within the zone of 
comfort. Vermeulen and de Boer **® have similarly worked out the conditions by 
which given lighting installations would result in visual “comfort.” Two studies '*° 


146. Hillemanns, M.: I. Das Problem der Augigkeit; II. Erklarung des Rechtsdralls, Klin. 
Monatsbl. Augenh. 117:69-80, 1950. 

147. Werner, H., and Wapner, S.: Perception and Body Motion, Am. Psychologist 6:287 
(July) 1951. 

148. Guth, S. K.: Brightness Relationships for Comfortable Seeing, J. Optic. Soc. America 
41:235-244 (April) 1951; Comfortable Brightness Relationships for Critical and Casual Seeing, 
Illum. Engineer., N. Y. 46:65-72, 1951. 

149. Vermeulen, D., and de Boer, J. B.: The Permissible Brightness of Lamp Fittings, 
Philips Tech. Rev. 12:200-206, 1951. 

150. Knudsen, B.: Provisional Communication on Investigations Concerning the Quality 
of Illumination (Incandescent Versus Fluorescent Light), Tidsskr. ljuskultur 22:60-66, 1950. 
Gray, J. S., and Prevetta, P.: Fluorescent Light Versus Daylight, J. Appl. Psychol. 34:235-236 
(Aug.) 1950. 
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have been made to determine the comparative effect of incandescent and fluorescent 
lighting; the conclusions seem to be that for the same illuminations the two are 
equal. By measurements of muscle action potential, it is claimed '*' that the “physi- 
ological cost” during a visual task can be measured. With 10-point type and 
comfortable brightness ratios of the test sheet to the surround, the physiological 
cost, even with low illuminations, does not increase until 10 to 30 minutes of reading. 
With severe reading tasks, however, the physiological cost increases rapidly with 
time. That blinking rate is not a reliable index to visual performance or a valid 
measure of readability or of ease of seeing has been reported in two papers.’ 

A discussion of sunglasses naturally follows the foregoing paragraphs. Peck- 
ham '** tested, using a psychometric device which gives a high precision, the visual 
acuity of 27 subjects, before whose eyes sunglasses of different makes, blown, 
molded, and ground, and of different prices, were placed. The results showed that 
visual acuity was little affected by the particular type of sunglasses used. Byrnes *°* 
points out, of course, that sunglasses are worn to reduce or eliminate discomfort 
caused by sunlight. The persons benefited either have ocular anomalies or have light 
pigmentations. Lenses with a transmission of 15 to 20% of sunlight appear to be 
the most effective. Farnsworth '*’ discusses the minimal requirements for sun- 
glasses: They should be neutral (gray) and spectrally nonselective ; dioptric-power 
errors in each lens should not exceed 0.06 D.; matched lenses for the two eyes 
should be within 20% absorption; light transmission should not be more than 
25% ; transmission of ultraviolet and infrared rays should be less than that in the 
visible part of the spectrum; surfaces should be polished, and a curvature of not 
less than a 4-D. base curve (6 D.) is preferred. In addition, large lenses that will 
permit close fitting to the face and will give peripheral retinal protection are desir- 
able. The frame should not keep the lenses under internal strain. 


151. Travis, R. C.; Kennedy, J. L.; Mead, L. C., and Allphin, W.: Muscle Action Potentials 
as a Measure of Visual Performance Cost, Illum. Engineer., N. Y. 46:182-187, 1951. 

152. Tinker, M. A.: Reliability and Validity of Involuntary Blinking as a Measure of Ease 
of Seeing, J. Educ. Psychol. 41:417-427, 1950. Wood, C. L., and Bitterman, M. E.: Blinking 
as a Measure of Effort in Visual Work, Am. J. Psychol. 63:584-588 (Oct.) 1950. 

153. Peckham, R. H.: Visual Acuity Through Various Types and Grades of Sun Glasses, 
J. Optic. Soc. America 41:23-27 (Jan.) 1951. 

154. Byrnes, V. A.: Sunglasses—Facts and Fiction, Nat. Safety News 63:50 (Jan.) 1951. 
155. Farnsworth, D.: Standards for Sunglasses, Sight-Saving Rev. 20:81-87 (Summer) 
1950. 
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News and Comment 
Epitep sy Dr. W. L. BENEDIcT 


SOCIETY NEWS 


The Canadian Neurological Society.—The fourth annual meeting of the 
Canadian Neurological Society will be held at the Banff Springs Hotel, Banff, 
Alberta, on Sunday, June 8, and Monday, June 9, 1952. 

The scientific program will include a panel discussion on “Diagnosis and Treat- 
ment of Cerebrovascular Anomalies” and a symposium on the sensorimotor cortex. 

Guest speakers will be Drs. F. M. R. Walshe and Macdonald Critchley, of 
London. Dr. Walshe will speak on “Some Problems of Method in Neurological 
Research,” and Dr. Critchley, on “Parietal Lobe Symptomatology.” 

Visitors will be welcome. 


North Carolina Eye, Ear, Nose and Throat Society and the South Carolina 
Society of Ophthalmology and Otolaryngology.—There will be a joint meeting 
oi the North Carolina Eye, Ear, Nose and Throat Society and the South Carolina 
Society of Ophthalmology and Otolaryngology in Winston-Salem, N. C., on 
September 15, 16, and 17. Headquarters will be the Robert E. Lee Hotel in 
Winston-Salem, N.C. The following guest ophthalmologists will be present: Dr. P. 
Robb McDonald and Dr. Irving H. Leopold, of Philadelphia; Dr. Harold W. 
Brown, of New York, and Dr. Frank W. Newell, of Chicago. 

The following otolaryngologists will be on the program: Dr. Theodore Walsh, 
of St. Louis, and Dr. Frank Turchik, of Bridgeport, Conn. A third otolaryng- 
ologist will be announced at a later date. 


Secretaries of the North Carolina Eye, Ear, Nose and Throat Society and the 
South Carolina Society of Ophthalmology and Otolaryngology, respectively, are 
Dr. G. B. Ferguson, the McPherson Hospital, 1110 West Main St., Durham, N. C., 
and Dr. Roderick Macdonald, 330 East Main St., Rock Hill, S. C. 


UNIVERSITY NEWS 


Basic Course in Ophthalmology, Washington University——The Department 
of Ophthalmology of Washington University School of Medicine is in the process 
of forming its 1952-1953 class for the basic course in ophthalmology. The next 
session begins Sept. 15, 1952, and ends May 15, 1953. Tuition is $800, and the 
course is approved by the Veterans Administration. Instruction includes 393 hours 
of didactic work and 759 hours of clinical work. With the clinical background 
gained during the course, the average student can usually take full advantage of a 
residency and will require close supervision chiefly for surgical work. The course 
is limited to 12. All inquiries or applications should be addressed to Richard G. 
Scobee, M.D., Director of Graduate Training in Ophthalmology, 640 S. Kings- 
highway Blvd., St. Louis 10. 

PERSONAL NEWS 


Dr. Posner, Lecturer at Yale University School of Medicine Postgraduate 
Course in Ophthalmology.—Dr. Adolph Posner, Associate Surgeon at Manhattan 
Eye, Ear, & Throat Hospital and Associate Attending Ophthalmologist at 
Montefiore Hospital, New York, was the guest lecturer at the Yale University 
School of Medicine Postgraduate Course in Ophthalmology on April 18, 1952. 
His subject was “Tonometry.” The principal discusser was Dr. I. Krasso De 
Suto-Nagy. 
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GENERAL NEWS 


Course in Pathology of Eye and Adnexa, Washington University School of 
Medicine.—The Department of Ophthalmology, Washington University School 
of Medicine, announces an intensive one-week course in the pathology of the 
eye and its adnexa. 

This course will consist of approximately 40 hours of instruction, both 
didactic and microscopic. It will be given by Dr. T. E. Sanders in the eye 
pathology laboratories and will cover essentially the material presented in the 
instruction in pathology during our eight-month basic course in ophthalmology. 

The course will be limited to 10 physicians. The fee will be $125, of which 
$25 is payable at the time of acceptance. The course for 1952 will be held from 
Sept. 8 through Sept. 12. All communications should be addressed to the Depart- 
ment of Ophthalmology, Washington University School of Medicine, 640 S. 
Kingshighway Blvd., St. Louis 10. 
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Books 


The Glaucomas. By H. Saul Sugar, M.D. Price, $12. Pp. 469, with 123 illus- 
trations. C. V. Mosby Company, 3207 Washington Blvd., St. Louis 3, 1951. 


After almost 15 years of clinical investigation in the field of glaucoma and after 
reporting on phases of this investigation in numerous original articles, Sugar 
presents us with a monograph on the subject that he considers “the most fascinating” 
in ophthalmology. This sequence of events would lead one to expect a book made 
up principally of the author’s many original contributions, arranged in as orderly 
and coherent a fashion as the material permits. This expectation is enhanced by the 
second paragraph in the author’s preface : 


No attempt is made to give every side of every question under discussion. Especially in those 
subjects in which original contributions have been made, the views are often one-sided since it 
is my feeling that only in this way can the student ophthalmologist acquire any feeling of con- 
fidence in his approach to the subject. Too many viewpoints, presented without comment, lead 
to confusion. It has been my attempt, however, to present the viewpoint which can later be 
used as the foundation for the additions based on one’s experience. 


Actually, Sugar’s new book is well rounded, clearly organized, and eminently 
practical. It is designed as a textbook, proceeding from the anatomy of the important 
structures to the physiology of the aqueous formation and of the intraocular-pressure 
balance. Then the glaucomas are introduced, Sugar’s well-known classification 
being followed. The clinical and pathological picture, the diagnosis, and the treat- 
ment of the various diseases comprised under the heading of the glaucomas are 
presented in logical order. Special chapters are devoted to the most important 
issues, such as the diagnosis of early simple glaucoma. The classic view of a close 
relationship between elevated intraocular pressure and glaucomatous optic-nerve 
disease pervades the book. The stress, naturally, is on gonioscopy as a valuable 
means in the management of glaucomas, but there are no instances of significant 
methods or trends having been slighted. Most of the illustrations are clear and 
instructive. The reviewer feels that a few photographs or drawings of early glau- 
comatous changes in the disk might have been included. The book is dedicated to 
Dr. Sugar’s principal teacher, the late Dr. Harry Searls Gradle, and to Mr. Will K. 
Kellogg, who made the investigative work possible. The book should prove a 
reliable and competent guide in all matters pertaining to the management of the 
glaucomas. Aside from its practical value, the book will have to be recognized as a 
concise and vivid presentation of the present-day problems of glaucoma as seen by 
a keen, unbiased, and, at the same time, realistic mind. 


Current Therapy—1952: Latest Approved Methods of Treatment for the Prac- 
tising Physician. By Howard F. Conn, Editor. Price, $11. W. B. 
Saunders Company, 218 W. Washington Sq., Philadelphia 5, 1952. 

The popularity of this yearly text on the latest approved methods of treatment 


for the practicing physician is attested to by the appearance of the 1952 edition. 
This volume contains methods of treatment by 189 new contributors. 
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There is no section on diseases of the eye, but much valuable material will 
be found by ophthalmologists relating to general treatment of the patient. 


Refraction and Motility. By Walter B. Lancaster, M.D. Price, $7.75. Charles C 
Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill, 1952. 


This is not a textbook on refraction and ocular motility. It is more like a 
personal conversation with Walter Lancaster—a conversation and not a lecture, 
because it has the quality of intimacy, as though he were personally instructing 
the reader. It is characteristic of all Lancaster’s teaching that he made his audi- 
ence think with him and challenge each point made. For this reason alone, the 
book is a masterpiece of pedagogy. 

In the preface Lancaster defines three failures of current texts which it is 
his objective to correct: 1. They devote too much space to theoretical optics 
and not enough to image formation on the retina as it actually occurs in life. 
2. Current texts fail to teach the student how to measure errors of refraction 
with the greatest precision. 3. The third deficiency is in the measurement and 
treatment of the heterophorias. 

The first six chapters deal with the fundamentals of optics. The approach is 
made by the simple principles of designating and measuring the vergence of 
light rays. The Gaussian system of establishing the cardinal points in order 
to trace rays of light through an optical system is dropped overboard. Lancaster 
admits that for the research worker and those interested in theoretical optics 
this approach is quite inadequate, but for teaching practical refraction Gauss’s 
theorems are what Gullstrand called them, “so much useless ballast.” This will 
bring joy to the nonmathematically minded. 

Chapter VII carries the same simplified approach to the human eye as an 
optical instrument. No better example of Lancaster’s swift and deadly criticism 
of established and long-cherished concepts can be found than the way in which 
he deals with the study of the so-called schematic eye. He writes: “It is extra- 
ordinary the time and effort that have been put into the study of the schematic eye, 
as an ideal eye with average dimensions is called. Measurements to the third 
and fourth place of decimals have been debated and hundreds of pages written 
in many languages. What it amounts to is an effort to determine average values 
for the various measurements which in the nature of the case are almost never 
twice alike. Why should not the measurements made by one investigator differ 
from those made by another? The astonishing thing would be to find them 
equal . . . . the important thing is the correlation of length of eyeball, the 
refractive power of the cornea and lens and the position of the lens, which 
together determine the resulting refractive condition. This is well illustrated 
by the changes which take place with the growth from infancy to maturity. 
Judged solely by the change in the length of the eyeball, the moderate H of 
infancy would become a high M over 30.00 D. It is correlated or coordinated 
growth of the different parts that results in approximate E though the measure- 
ments of the individual parts change so much.” 

Chapter VIII deals with accommodation and gives the author’s own evaluation 
of current theories of the physiological mechanisms involved. Here is laid 
the first basic principle on which he establishes refraction without the use of 
cycloplegia. Since this is unquestionably the point with which some readers of 
his book will wish to take issue with the author, it may be well to outline his 
argument. According to Lancaster, accommodation is a reflex act. One can 


be 
f 
{ 
if 
| 
few 
a 
3 


BOOKS 835 


acquire a certain amount of voluntary control of accommodation, but under 
ordinary conditions the adjustment of accommodation is reflex and is determined 
by the character of the retinal image. “If this image is of such a character that 
the eye can improve it by either positive or negative accommodation, that auto- 
matically takes place.” The enormous importance of the reflex nature of accom- 
modation will appear when methods of measuring refractive errors are studied, 
when it will be found that one can control the accommodation by controlling 
the stimulus since it is the stimulus which sets up the reflex-no stimulus-no 
reflex.” 

The second half of the book deals with ametropia and the methods used by 
the author in measuring errors of refraction. The author does not deny the 
necessity of using cycloplegia for some patients under the presbyopic age, but, as 
is well known, he has been an ardent advocate of other techniques. He points 
out the advantages and the disadvantages of cycloplegic refraction and ends with 
the following advice: “Until repeated trial has proved that you can measure 
your cases more accurately without cycloplegia than with, you should continue 
to use cycloplegia faithfully. As your skill and mastery of the technique increase, 
you will find yourself using cycloplegia less and less. Pay little attention to the 
criticisms of those who do not know how to measure refractive errors without 
cycloplegia, especially beware of those who try to use the same technic when they 
examine patients without cycloplegia that they habitually use with cycloplegia, 
viz., the primitive method.” 


The chapters on ocular motility are somewhat disappointing, coming from 
one who had no peer in this field. In the appendix, fifty questions are given, 
together with their answers. This will be a valuable exercise for those preparing 


for examinations. 


Rx for Medical Writing. By Edwin P. Jordan, M.D., and Willard C. Shepard. 
Price, $2.50. Pp. 112, with 26 illustrations. W. B. Saunders Company, 218 
W. Washington Sq., Philadelphia 5, 1952. 


This is a useful book for those who have had little experience in the prepa- 
ration of medical manuscripts. The first 41 pages constitute an essay on how to 
go about preparing a medical manuscript to be submitted for publication. It 
contains much common sense, which if followed will save the uninitiated from 
the disappointment of having his manuscripts rejected and will enormously 
lighten the burden of an editorial staff of a journal, who are frequently forced 
to return manuscripts which contain good material poorly put together. 

The authors have an excellent sense of humor, and many of the examples they 
use for illustration are highly amusing. One of the most amusing is that quoted 
in commenting on abbreviations, which may not be familiar to either the editors 
or the readers: “Not long ago I picked up a medical history which said simply, 
*S. O. B. climbing stairs.’ It is well that physicians recognize shortness of 
breath when they see it, but the patient might find some cause to question his 
doctor’s friendship.” 

The last 47 pages deal with illustrations and statistics employed in medical 
papers. The section on statistics is particularly valuable for those allergic to 
mathematics. The book ends with several appendices, several of which do not 
seem relevant to the purpose of the book, but this defect is a very minor one. 
This book will not supplant the larger texts on medical writing, which can be 
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used as reference works to solve individual problems, but everyone who has not 
already learned the hard way should read this book before submitting an article 
to a journal. 


Principles of Refraction. By Sylvester Judd Beach, M.D. Price, $4. Pp. 158, 
with 18 illustrations. C. V. Mosby Company, 3207 Washington Blvd., St. 
Louis 3. 


This small book on refraction will receive a warm welcome by all those who 
know its author and have profited by his teaching. It is essentially a practical 
book, cast in the same homely and intimate style which characterizes all of Dr. 
Beach’s presentations. It is a particular delight to be able to hear once more 
Dr. Beach’s common-sense approach to the problems of refraction and to welcome 
this book, as we would welcome him at our meetings again. It amply demon- 
strates that he has not lost the touch which made him one of our foremost 
educators. 
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Tuis new disposable unit eliminates completely all uncertainties as to 
dosage and sterility. There is no longer any danger of secondary eye infec- 
tions due to contaminated solutions. 

The STERETAINER is supplied in single dose units of the following solu- 
tions: Atropine Sulfate, Eserine Salicylate, Homatropine HBr., Pilocarpine 
HCI., Scopolamine HBr. Write for descriptive matter. 


THE SELNEY COMPANY 


Pharmaceuticals for Ophthalmologists 
153 WAVERLY PLACE, DEPT. 4-A, NEW YORK 14, N. Y. 


* Developed with the cooperation of THE Mannatran Eye, Ear AND 
Turoat Hospitat of New York. 
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CORRECT CURRENT 
for your instruments... 


* #131 Attractive, ivory cased 
model. Always upright. Attaches to 
any A. C. outlet for safe, sensitive 
control of current used in Illumi- 
nated Instruments. Eliminates costly 
burnout of bulbs. Movable output- 
limit-plug stops overloading. Neon 
pilot light signals "ON" and cur- 
rent is stopped completely when 
“OFF”. 
* #60 Variable voltage trans- 
former for diagnostic lights . . . fits 
A. C. outlet or screw sockets. Large 
control knob for fine adjustment. 


* £131 and +60 for full range to 
6V., 0.5 amp.; for II0V., 50-60 
cycle A. C. 
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ELECTRIC INSTRUMENT wee. 


92-2) Corene Ave. Elmhurst 73.6 


Please send me the following literature: 


“Transillumination in Ophthalmology and 
Rhinology,” by Louis H. Schwartz, M. D. 
oP 


SUCH A BEAUTY.. BUT YOU CANT 
SEE HER EVES because of Guy Get 


Why let reflections in glasses ruin some- 
one’s good looks? These “GHOST 
IMAGES” destroy definition, cut down 
transparency. MAY-O-LITE coated lenses 
reduce these “GHOST IMAGES” almost to 
of elimination. Magic MAY-O- 
means better, clearer vision . . 
nn all-around comfort from your 
glasses. 


Complete Your Professional Service By Adding 


The Best in Sight 
MAY-0-LITE 


Lew Reflection Coating 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 


VON PETZ 


SUTURING 
APPARATUS 


A, Stainless Steel 
MMe COMPLETE 


IN CASE 


{ f $330.00 


SAME APPARATUS 
WITHOUT ACCESSORIES 


$300.00 


& SCHEERER 
were the first to 
make the Von Perz suturing apparatus in 
stainless steel at a cost that is almost com- 
parable to the cost of the same instrument 
in chrome finish. Of course CocHRANE 
earries both in stock. 


You will remember QUALITY— 
long after you have forgotten PRICE! 


C7; PHYSICIANS’ SUPPLIES, Inc. 


133 EAST 58th STREET NEW YORK 22.NY. 
PHONE—PLarza 3-5533, 3-5534, 3-5491 
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James F. Best, L.W. McHugh, 
Pres. 


We picture you smoking for just one reason: 
pleasure . . . deep, friendly and satisfying. 


That’s why Old Golds were born. That’s why 
... for nearly 200 years . . . we’ve worked as 
tobacco men, not medicine men. Light up your 
Old Gold . . . and enjoy it! 
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Convenient — efficient — the low cost 
Shahan hand slit lamp projects a power- 
ful beam of light for detail examination 
of the cornea, the lens, and the anterior 
portion of the vitreous by focal illumina- 
tion. Moving the lamp away from the eye 
increases the spot of light from a brilliant 
slit to a broader beam, making the instru- 
ment useful for office operative proce- 
dures, too. 


The lamp is light in weight, nicely bal- 
anced, has a black nickel finish. It uses 
a standard, inexpensive, 6-8 volt automo- 
bile type bulb, operating from any stand- 
ard AC transformer designed for such 
small lamps. Complete with cord and 
switch, each $19.75 


\ Instrument Makers To The Profession Since 1895 
° Mueller and Company 330 S. HONORE STREET CHICAGO 12, ILLINOIS 


For Over 50 Yeats VISION TEST CHARTS 


(A. M. A. Standard) 


These charts have been prepared in accordance with the 


OPHTHALMI Cc AN D N ASAL consists of the following: 


1—Distance Test Chart (10%” x 28”) with notation of 


acuity and per cent of visual efficiency. 20/20 or 
OINTMENTS — to 20/200 or 20%), includes three color bars. 
1.00. 
r This chart requires a distance of 20 feet for use in 
The Manhattan Eye Salve Company was founded in direct vision. The same chart, printed in reverse, can 


be used with a mirror in a distance of 10 feet. 
1.00. 


1900, and has been successfully supplying the medi- 


cal profession with the highest type ethical ciat- (This chart is too large for foreign mailing.) 


1—Near Vision Reading Card (5” x 8”) with notation of 


ments of this classification since that time. visual acuity and per cent of visual efficiency. 14/14 
or 100% to 14/224 or 6.8%.) 40 cents. 

Should none of the standard items listed in our 1—Pad of 50 sheets of Industrial Field Charts, printed 

. on both sides. One side of sheet is the Motor Field 

catalog meet your exact requirements, we shall be Chart with table showing efficiency of muscle func- 


tion in diplopia and gives directions for calculating 
muscle function. The other side of sheet is the 
Visual Field Chart showing table, directions and 
visual field outlines for charting purposes. 75 cents. 


glad to develop and produce Ophthalmic or Nasal 
Ointments compounded to your own special needs. 


1—Appraisal of Loss of Visual Efficiency. A pamphlet 
Drop us a card requesting catalog, doctor, check it reprint of the standard methods of appraisal as 


against your present supply of this class item, and a hae eee 
let us serve you on your requirements. Price for a Complete Set, $2.00. 
VISION CHART (For School Use) 
Incorporated Price, $1.00. 
| 1063 Bardstown Road—Louisville 4, Ky AMERICAN MEDICAL ASSOCIATION 


535 North Dearborn Street Chicago 10, IIlinois 
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For Your Consideration... 


The Monoplex Buried Implant 


The Monoplex Buried Implant was 
created after much experimentation, 
and is based upon the suggestions made 
by several Ophthalmologists. 

Several features of the Monoplex 
Buried Implant are noteworthy: 

1. It is available in methyl-metha- 

crylate or in the new plastic, Kel-F. 

Post-operative Conformer is included 

with implant. 

2. It can be made with either a flat 

(Fig. 1) or a gently rounded (Fig. 2) 

anterior surface. 

3. It is stocked in 16 mm., 17 mm., 

and 1914 mm. sizes. Special sizes 

can be made upon request to ac- 
commodate any unusual socket 
conditions. 

4. Monoplex Eyes are easily fitted 

to this implant as well as to all other 

orbital implants. 


AnOperative Procedure used in con- 
junction with the Monoplex Buried 
Implant is available upon request. 


: 


MONOPLEX DIVISION 


Fig. 1 The Monoplex Buried Im- 
plant, in methyl-methacrylate or 
Kel-F, can be furnished with flat 
or gently rounded anterior surface. 


Fig. 2 Fine tantalum mesh covers 
anterior surface. Grooves in sur- 
face provide passage for needles 
when suturing recti muscles to mesh. 
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FOR DEPENDABLE OPHTHALMIC THERAPY 


ISO-SOL® STERILE and BUFFERED OPHTHALMIC SOLUTIONS of official drugs are worthy of 
your consideration to meet the exacting needs of your practice with confidence. These sterile solutions 
of all the commonly-used ophthalmic drugs are manfactured by an organization devoted to the scrupu- 


lous preparation of sterile ophthalmic pharmaceuticals. 


These solutions have been prepared to give your patients maximum physiologic activity and comfort. 

. . They have a low surface tension and are especially preserved to discourage invasion by mold and 
bacteria, and to minimize the danger of secondary infection due to contamination, after opening. . . . 
Your PHARMACIST can obtain these EXCELLENT SOLUTIONS from his wholesaler or write direct to 


THE ISO-SOL CO., INC. 


130 Flatbush Ave. °1S0-S0L3 Brooklyn 17, N. Y. 


New Price List and Desk Reference Card Available on Request 


INTRAOCULAR 
ACRYLIC LENSES 


Galeski Laboratory, Inc. 


The Berman Metal Locator 


takes pleasure in announcing that they 
have available from stock the intraocu- 
lar acrylic lenses as supplied for the 
Dr. Harold Ridley crystalline lens re- 


placement technique. * 


L 


An electromagnetic detecting device that quickly 
Further information will be supplied and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
on request. lic fragments are readily detected from a satisfactory 
distance through intervening bone, tissue and fluids. 
* British Journal of Ophthalmology—March, 1952 with the foreign body 


The thin sterilizable probe provides preoperative 


localization, “pin-point” accuracy within the incision 
and postoperative check. 
‘ . 3 Lends precision to foreign body surgery and greatly 
Labo rato ry reduces surgical trauma. 
Ine: BERMAN LABORATORIES 


Richmond 19, Virginia :. ; a | 534 West 42nd Street New York 18, N.Y. 
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The Belgard Lenscorometer 


originated by Austin Belgard 


measuring 
vertex 


distance 


Use of Lenscorometer in all cases of 
Aphakia and corrections of four diopters 
or more—a necessity to insure true trans- 
lation of prescription. 


Each $11.75 


Stereoscopic Cards 
by GUIBOR 


Can be used with the Stereocampimeter, Syn- 
optoscope, Rotoscope and similar instruments ; 
also with regular stereoscope. For adults and 
children. 


Set $4.75 


(Actual size 1314” x 14”) 


OPHTHALMIC 


Medical Center Office: 


> 


SIMPLIFIED ASTIGMOMETER 


(Lebensohn) 


PLASTIC 
WASHABLE 
“NO COMPUTATION REQUIRED” 


Send for Literature 


EACH $9.75 


OPTICIANS 


WHOLESALE SERVICE 


109 N. Wabash, at Washington 


1920 W. Harrison St., at Ogden. (Formerly Belgard, Inc.) 9th Floor STate 2-5362 
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Many patients with only 2 


to 10 per cent vision can be ~~ 
greatly helped by Spectel 
For Cases of LOW VISUAL ACUITY telescopic spectacles. 
These spectacles produce 
images enlarged 1.7 or 2.2 
diameters. Worn like ordi- 
nary spectacles, they in- 
clude corrective lenses if 
needed and accommodate 
reading additions for close 
work. 

Fitting Spectel telescopic 
spectacles calls for no com- 
plicated procedure. Trial 
sets are neither elaborate 
(a nor costly. Full details are 
* given in Bulletin 302. 


KOLLMORGEN 
Brooklyn New York CORPORATION ual 


I SPECTACLES 


Do you dispense glasses? 


We are one of the oldest, and most reputable wholesale opti- 


cians in the east, serving the discriminate ophthalmologist. 


An inquiry from you will bring a representative at your con- 


venience to outline our superior service plan. 


MAX ZADEK, INC. 


established 1904 
115 Fulton Street New York 38, N.Y. 
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ee Pp urpose of the Guild 


@ The aim of the Guild of Prescription 
Opticians of America is to advance the 
science of ophthalmic optics through 
the development of a country-wide 
ethical optical dispensing service that 
comprehensively meets the needs of 
the Eye Physicians and their patients; 
and to educate the public to the fact 
that the Eye Physician-Guild Optician 
type of eye service truly renders the 
most desirable form of eye care. 


This statement of the Guild's purpose is reprinted from the cover of the REFER- 
ENCE LIST OF GUILD OPTICIANS, a gecgraphical index of all our members. 
If you would like a copy, just drop a penny post card to 


The Guild of Prescription 
Opticians of America, Ine. 


110 E. 23rd Street New York (10) N.Y. 
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THE MAKING AND FITTING OF ARTIFICIAL EYES ARE 
A SPECIALTY WITH US..... 


Not a Sideline! 


Experience gained through over 100 years of artificial eyemaking enables us to produce 
and fit the very finest in glass and plastic eyes. 


We have a complete selection service for glass and plastic eyes. Within 8 hours 
after receiving your order, we send you a selection of eyes on memorandum. 
Write for further information and free color chart and size guide. 


100 YEARS OF ARTIFICIAL EYEMAKING 


CLEVELAND BOSTON 
KANSAS CITY 


BUFFALO 

MINNEAPOLIS PHILADELPHIA 

NEW ORLEANS Company PITTSBURGH 
ST. LOUIS WASHINGTON 


30 NORTH MICHIGAN AVENUE « CHICAGO, ILLINOIS 


THE “LACRILENS” ° IS A SAFE LENS 


Free From Danger of Injury to The Eyes. 
2. Will Not Fall Out of The Eye. 

. Safe For All Sports, Including Swimming. 
Custom Made To Fit The Eye. 


WRITE FOR BROCHURE 


49 EAST 5list STREET * NEW YORK, 22, N. Y. 


Manufacturers of all types of Contact Lenses 
BRANCHES IN 
PHILADELPHIA MONTREAL LONDON 
JOHANNESBURG SHANGHAI 
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Agents: 
The House of Vision, 
Chicago. 
Anton Heilman, 
New York. 
Parsons Optical Laboratories, 
San Francisco. 


The Philps | 


The Magnet that has 
THE BIGGEST “PULL” | 
The Magnet that allows you” 
to SEE WHAT IS HAPPENING. — 


Giant | 


¥ 


MADE BY 
HAMBLINS of | 
ENGLAND 


Some Other Points 
* Applicators readily removed for steri- 
lizing. 
* Four different shaped applicators pro 


heal A 


ed for feather 


* Locks on all 
movements 

*® High and 
low powers DISPENSING OPTICIANS 
from same 15 WIGMORE STREET 


footswitch. LONDONW1 
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YES—WE HAVE THEM! 


® Regular 1'2” Test Lens Sets—B&L 
with 35 pairs each plus and minus spheres; 21 
pairs each plus and minus cylinders; 15 prisms; 
11 miscellaneous accessories; tray, but without 
case. Limited supply available. FOB N.Y. $250.00 


® Orthogon Test Lens Sets—B&L 


deluxe and standard sizes. 


SPECIAL 
@ AO Phorometers on stand FOB N. Y. $165 


IMMEDIATE DELIVERY 


S. G. KREBS CO. 


PROMPT DELIVERY ON ALL ITEMS 


351 Second Ave., New York 10, N. Y. GRamercy 5-0585 


NEW EQUIPMENT 


AO Deluxe Refracting Units—Mahogany 
AO Phoroptors AO Lensometers 
AO Perimeters AO Projecto Charts 

AO Stereo-Orthoptors 


B&L Deluxe Refracting Units 
B&L Morton Ophthalmoscopes 
B&L Poser and Universal Slit Lamps 
B&L New Model Acuity Projectors 
B&L Keratometers B&L Vertometers 
B&L Perimeters B&L Ortholites 
B&L Glass Prisms; also plastic prisms 
Tangent Field Equipment 
Adjustable Tables—on casters 


Castroviejo Retinal Detachment Units 
Copeland Streak Retinoscopes 


Holmgren’s Color Test 1370 Risley Rotary Prisms 
Trial Frames 


Red Glass Maddox Rods 


Projector #1215 


VISION CHART 
SURPLUS 


1. Projector 
#1215 
2. Testing Dis- 
tance Tube 


Slide 


$11 g-50 


TESTING 
DISTANCE TUBE 


“A” —15 to 20 ft. 
“B’—10 to 15 ft. 


ATLAS SURGICAL 


178— 2 Ave., N.Y. C. 3 


ADJUSTABLE STOOL 
ONLY. $24.50 


Close-up of Eye 
Taken with New 
Exakta 


New Model With Pre-Set 
Diaphragm Control 


EXAKTA “VX” 


35-mm. Single Lens Reflex Camera 
For Parallax-Free Ophthalmic 
Photography 


The Exakta “VX”, with both regular and telephoto lenses, 
is widely used by ophthalmologists for close-up photo- 
graphs of the eye, for Placido-disk reflection photog- 
raphy, and other phases of ophthalmic photography. 
Its unique through-the-lens viewing system assures 
absolutely correct ‘on the subject” photographs at all 
times. In addition, this world-famous medical camera 
is regularly used for preliminary, developmental, and 
end result pictures of patients; and for making color 
transparencies for recording and lecturing. 


With Zeiss Tessar Coated Lens 


$269.50 
Penta-Prism Eye Level Reflex Viewfinder........ 50.00 


Microscope Adapter 


FREE—Write Dept. 800 for free booklet “H” om 
camera and accessories and brochure on close-up 
technique with the Exakta. 


EXAKTA CAMERA CO., 46 W. 29th St., N.Y. 1,N.Y 


Exclusive Sales and Service Organization in the 
U.S.A. for Ihagee Camera orks, Germany 
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PROJECTION PERIMETER 


A completely new design of Perim- 
eter, with movements smooth and 
positive. Employs filters of known 
wavelengths to standardize condi- 
tions. Has light-flashing device. The 
self-recording mechanism is simple 
and efficient. Charts are easily fitted. 


Enables the investigator to observe 


patient’s eyes whilst field is being 
taken. 


Price $675.00 f.0.b. New York 


CURRY & PAXTON INC. 


MANUFACTURERS & IMPORTERS of OPHTHALMIC INSTRUMENTS 


101 PARK AVENUE, NEW YORK 17,N.Y. 


another precision product 


improved, 


for ILDREN 


designed by Walter H. Fink, M.D. 
This P.C. product is the on/y trial frame made specifically for 
children. You will find it invaluable for refracting children 
three years of age and under. 


note these advancements! 
v New temple style—easier to slip on, holds frame firmly. 
¥ New axis markings for easier reading. 
VY Equipped with new P.C. Adjusta-Bridge. 
Y More comfortable for the child. 


description and detailed information upon 
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“Trial Frame for Small 


Children.” 
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Test for 
GLAUCOMA 


with 
GEORGE YOUNG 
THRESHOLD TEST 


Simple, easy to handle test for color threshold 
—a quick screening test for early glaucoma. 


Requires only 30 seconds to administer. 
Album has 5 tests, one each for black and 


red, green, blue and yellow respectively. 

Tests utilize series of color patches progres- 

sively varying in degree of intensity. 190” 
SOLE U. S. DISTRIBUTOR 


MANN INSTRUMENT CO. 
530 ISTH STREET, OAKLAND 12, CALIFORNIA 


Use the ORIGINAL 
Ishihara Tests! 


i) 


ISHIHARA TEST CHARTS 
FOR COLOR BLINDNESS 


New, improved edition contains all original Ishihara 
plates plus several new additions which bring total to 
25 charts. Album binding permits interchange of chart 
sequences. Comes complete with interpretations, in 
protective case. 
Accepted and preferred by leading American authori- 
ties, these world renowned charts are 

12.50 


imported and distributed exclusively by us. 
MANN INSTRUMENT CO. 
530 - 15TH ST., OAKLAND 12, CALIFORNIA 


physician becomes an internist. 


SUPPLEMENT to EXPERIENCE 
A.M.A. Archives of INTERNAL MEDICINE 


UNDER some circumstances, sometime in his career, practically every 
Contact with forward-moving prac- 
tices and opinions in the internal medicine field 
A. M. A. INTERNAL MEDICINE .. 


. .. provided in 


. supplies confirmation and sup- 


plements experience for both the specialist and the physician in 


general practice. 


Featured each month will be comprehensive original articles, case 
reports, clinical studies, progress reports, correspondence, news and 


comment, book reviews. 


Able editorial leadership. 


Outstanding contributions. 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St., Chicago 10, Illinois. 


Please Begin My Subscription to A. M.A. Archives of 
INTERNAL MEDICINE with the Next Issue. 


$10.00 YEARLY 


$11.00 FOREIGN $10.40 CANADIAN 


3 
ag 
® 
| 
@ 


Large, Square 
Blanks, 55 mm. 
—60 mm. Diagonally 


For Clear 
Distance Vision 


“M" & 
With reading additions 
15x20and16x22mm. segments. 
Excellent cosmetically. 


& “N” 


ments. 


14 x 22 mm. 


“N"—9 x 20 mm. seg- 


OCCUPATIONAL 
13 mm. between seg- 
ments. Also can be 
made with ‘‘M”, “N”, 
“E” ot “G" segments. 


Finest Crown 
Distance 
Portion 


& “G" 
“E”—6 mm. Intermedi- 
ates. 
“GCG” am 
diates. 


8 mm. Interme- 


Base Curves: 4.50, 6.50, 7.50, 8.50 and 10.50, Compensated. 


Titmus Optical Co., 


PETERSBURG, VIRGINIA 
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HE broadening horizons of medicine make new de- 
mands on makers of diagnostic instruments. Not 
only are far more instruments of conventional types 


required, but there is an intense demand for design improve- 
ment and for the development of entirely new instruments. 


To meet both these requirements, Welch Allyn has 
moved into the completely new home shown here, which 
has been planned for efficient production and elaborately 
equipped for research and experimental work. It is in 
Skaneateles Falls, N. Y., a small community 8 miles from 
our former home in Auburn, and gives us 4 times the floor 
space on a site of 30 acres. We occupy it proudly, just 36 
years from the time when the first Welch Allyn diagnostic 
instrument was produced in a tiny one-room “factory.” 


In all these years, as it is today, our first concern has 
been to help doctors achieve accurate diagnosis through 
instrument quality and dependability. 


WELCH ALLYN, Inc. Skaneateles Falls, N. Y. 
Telephone Skaneateles, N. Y. 882 Cable WACO 
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AArt-Craft Optical Company, Rochester 6, New York 


OFFICES: NEW YORK, CHICAGO, PHILADELPHIA ¢ 
Canadian Distributor: IMPERIAL OPTICAL CO., LTD., Toronto, Canada 
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eo-Synephrine hydrochloride, a well tolerated, reliable vaso- 
constrictor and mydriatic, is available in various concentrations and 
several forms for a variety of ophthalmic indications. : 


Congestive conjunctivitis: 1/8% solution. 
For rapid relief of itching, smarting and notices tearing due to 
physical or chemical irritants or allergy. 


Refraction, funduscopic examination: 2.5% solution and 1% emulsion. 


For prompt and short acting mydriasis virtually free from 


Preoperative Use: 2.5% solution and 10% solution. 
For short acting powerful mydriatic effect, applied 30 to 60 minutes 
before surgery. 

Uveitis, posterior synechiae: 10% solution and 10% emulsion. 
For freeing recently formed posterior 


synechiae as well as for prevention y 
of synechiae formation in uveitis © 


(with atropine). 


solution, 10% emulsion and 2.5% solution. (agape 
For the provocativetestforangleblok “YOROCHLORIDE 
as well as for the shadow test. Brand of ba 


hydrochloride y 


New 13,6. Y. Winpsor, Ont. 


wodemork reg. U.S. & 
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